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GENERAL DESCRIPTION. 

CYLINDERS AND JACKETS. 

The engines are to have, each, a high and low-pressure 
cylinder of 29 and 52 inches diameter respectively; a pis- 
ton stroke of 30 inches, and the number of revolutions to 
be about 150 per minute when developing 1,660 horae-power. 

The engines will be placed in separate water-tight com- 
parUnents, and will be duplicates, the low-pressure being 
fonvard of the high-pressure cylinder in the forward, and 
abaft it in theafter compartment; the forward engine turning 
the starboard propeller. 

The cylinders, U^ether with their covers and ends, will be 
jacketed. 



HECErVER AND 8T0P-VALVE. 

The receiver of each engine will consist of the passages autl 
pipes connecting the high-pressure and low-pressure valve- 
chests, and will he fitted with a safety-valve, and a valve for 
admitting steam direct from the main steam-pipe. 

The seat of the engine stop-valve, which will be used as a 
throttle, will be carried in the casing of each high-pressure 
cylinder. The stem will lead to the working platform, and be 
fitted with a suitable hand-wheel. 



MAIN VALVES — VALVB-QEAH, 

The main et«am-valves are to be of the piston type; there 
will be one for the high-pressure and two for the low-preseare 
cylinders. 

The valves will be worked by radial valve-gear, as shown 
in the drawings, and arranged to cut off steam between the 
limits of 0.25 and 0,66 of the stroke in the higb-preesure, ant] 
between 0.50 and 0,66 in the low-pressure cylinders. 



PISTON-RODS— CB06S-HEAD6, 

Each piston is to have one piston-rod secured to a croefr- 
head, which will run in sclf-luoricating guides, bolted to its 
cylinder at one end and supported by a column at the other. 



CPANK-SHAFT, 

Each crank-shaft will be a solid forging, made of steel, id 
two interchangeable sections, and with the necessary coupling- 
discs forged on. The two sections will be bolted tf^ther, with 
their cranks at right angles; and united to the hne shafting 
by a flexible ojupling. Counter-balances will be 6i.teA,\a':;^si^*-- 
throwa for us j if required. 



AIR-PUMPS. 

Tlie air-pumps, one for each engine, will be inclined and 
double-acting. Eat-h will deliver into a feed-tank in engine- 
room, and \x worked from a crank bolted to forward end of 
crank -shaft. 

CIRCULATISQ-PUUPS. 

There will be a centrifugal circulating-pump in each engine- 
room driven direct by its engine, and arranged to permit of 
ita being used for freeing the ship from water in case of 
necessity. 

CBAMK-SHAFT PILL0W-BL(X;K8. 

The castings containing the crank-shaft bearings will be cast 
in one piece for each engine. They will be bolted to engine 
keelsons; and stayed to cylinders by steel tie-rods. 

HOT-WELL OR FEED-TASK. 

The air-pump of each engine will discharge into a feed-tank 
of boiler-iron placed directly over the air-pump delivery- 
valves. Each tank will have a capacity of 1 60 gallons, and 
will be partitioned to act an a filter. 

fONDENSBRS. 

The shells of condensers will be cylindrical and made of 
brass. They will be fitted with brass tiil>e3, g inch diameter 
outside; and will have, each, a cooling surface of about 2,930 
square feet measured on the outside of the tubes. The con- 
densers will be supported on stanchions, and otherwise well 
secured in the ship. 

The tul>es will l)e placed fore-and-aft, the water circulating 
through one-half of them and returning through the other 
half, thence overboan! through outboard d el iveiy- valves. 

Suitable baffling and supporting plates will be arranged in 
each condenser to assist in the circulatiou of steam and to 
support the tubes. 



MAtX FEED-PUMPS. 
There are to be two vertical duplex pum^ts fitted in each 
fire-room of ample capaciw for feeding the boilers. One set 
in each fire-room will be fitted to draw from feed-water tank 
and bottom of forward condenser and dischai^e through boiler 
check -valves. 

AUXILIARY FEED-PUMPS. 

The second set in each fire-room will be fitted to draw water 
from tank, sea, bilge, and boilers, and to discharge into fire- 
main, through boiler-checks and overboard. The pump in 
fonvard fire-room to likewise dischai^ through distdler. 

BUjGE and FIRE-PUMP8. 

A horizontal pump of 200 gallons capacity per minute is to 
be placed in each engine-room, and fitted to draw water from 
the sea and bilge, and to dischai^ iuto fire-main and through 
outboard-delivery. 

The water-cylinders and chests of all pumps are to l>e of 
composition, 

EVAPORATOR, Dieni-LER, AND PUMP. 
The distilling apparatus will be located where directed, and 
will consist of one or more evaporators and distillers capable 
of furnishing 2,000 gallons of potable water in twenty-four 
hours. The circulating water for the distiller will be supplied 
by the auxiliary pump in forward fire-room. There will be a 
steam-pump conveniently looted for feeding the evaporators. 
It will have a capacity equal to a No. Blake pressure-pump, 
au<l will draw water from the sea, and deliver through check- 
valves on the evaporators. 

PHOPELLEES. 
ThepropelIer8aretobethree-bladed,right and left handed, 
respectively, of al)out (1 1^) feet diameter, and will be made of 
manganese bronze. 



Therewill befoiireyliiKlrical hurizontal tubular boilers, con- 
taioiug ail aggregate grate-surface of 240 square feet, arranged 
fore-and-aft, in two water-tight com}>artmeiits, each with a fire- 
room atbwart-ship abaft the after boilers and forward of the 
forward boilers ; the width of fire-rooms to be 8 feet 6 inches. 
Each boiler will be lOfeet iudiitmeterand 16 feet long. 

The smoke-pipe will be fixed, an<l its lop will be about 65 
feet above the gratcn. 



Both fire-rooms are to be arranged to work under air-pr(s- 
sure when required, and to be fitt«<l, each, with two blowers 
capable of supplying 1 2,000 cubic feet of air each jier minute 
under a pressure of 4 inches of water. 



DETAILED DESCRIPTION OF ENGINES, SHAFT- 
ING, PROPELLERS, BOILERS, PUMPS, &r. 

C YLIS DER-CAS1XG.S. 

The-cylinder casings, which will include the steam and 
eshaust ports and passages, inboard heads, valve-chests, and 
sole-plates, are to Iw of cast-iron. The casing for the high- 
pressure cylinder will Im 34J inches diameter inside, and 1 J 
inches thick; that for the low-pressure cylinder will be 54J 
inches diameter, and 1^ inches thick. 

They will be fitted with cylinder linings of hard cast-iron; 
and an annular space of 1 J inches will be left for jacket be- 
tween casing and lining. 

RECEIVEKS. 

The receivers will consist of the spaces between high-pressure 

and low-pressure piston-valves and their connecting pi|>es. 

There will be two copjier pipes, of 12 \n*i\\«&\v&.i«>Ni^^"-a5s>s;'*-"^ 



each, coonectiug each high-pressure exhaust-nozzle with the 
aieam-^heet of low-pressure cylinder. Each pipe will be fitted 
with a butterfly govern or- valve and an expansion-joint, aa 
shown in drawings; will have faced composition flanges 
not less than 3 inches wide, and will be secured io place l)y 
wrought-iron bolts and nuts. 

Through bolls are to be used where practicable. 

There will be a 3-inch copper pipe, with composition stop- 
valve, connecting main eteam-pipe to receiver space; and a 
composition safety-valve, with nickel seat of 2 inches diam- 
eter on the receiver, weighted to 40 pounds per square inch 
above the atmosphere. 

The cylinder casings and covers, after being placed in the 
ship, are to be covered with non-conducting material, and 
neatly lu^ed with black walnut, removable where directed. 

SOLE-PLATES. 

The c)'1tnder casings will rest upon legs, with sole-plates 
well ribbed, cast on them of the same length as the casings, 
fa(-e<l 1 ^ inches thick. The distance from axis of cylinders to 
faces of sole-plates to be 33 inches. The horizontal distance 
between the axis of high-pressure and low-pressure cylinders 
to be 62 inches. 

(TLISDER LININGS. 

The linings are to be of cast-iron as hard as tools can work. 
They will be 1^ inches thick, and made with faces and flanges 
accurately fitted in and secured to the casings, as shown in 
the drawings. They are to be smoothly and accurately bored 
to a diameter of 29 inclics for the high-pressure, and 52 inches 
for the low-pressure cylinder, and are to be of suitable length 
for a piston-stroke of 30 inches. 

The jacket-space will be 25J inches long, and there will be 
a packing space at the outboard ends 1 J inches hy 3 inches. 
The linings will be secured in place by bolts passing through 



the cylinder-heads, with nuts on the outside, the joint at in- 
board end of each cylinder being made tight by a copper grom- 
niet under the flange. A copper wire or grommet with fol- 
lower and bolts will likewise be used for packing the expan- 
sion-joint at the outboard cuds of cylinder linings. 

CYI.INDEB-HEAD3 AND COVERS. 
The cylinder-beads are to be made with double-shells, J of 
an inch thick, amply stiffened by ribs of same thickness. 
They will have suitable openings for the stuffing-boxes and 
man-hole plates, which are to be properly fitted. The cylin- 
der-covers are to be made of the best cast-iron, with double 
shells well-ribbed, of the same thickness as the cylinder-heada. 
Each low-pressure cover will have a man-hole cast in, which 
will be bored and faced to receive the man-hole plate. The 
cylinder covers are to be faced true on the inside, rough- 
finished OQ the outside and lagged. They are to have faced 
flanges 3^ inches wide, If inches thick, and are to be secured 
to cylinder casings by wrought^iron bolts 1 J inches diameter, 
with finished nuts. Bolts are tu be spaced not over 6 inches 
apart. 

HOLDIBG-DOWN BOLTS, 
All holding-down bolts for securing the engines in the ship 
are to be fitted with lock-nuts. 

MAN-HOLES AND PLATES. 
The man-holes in low-pressure cylinder covers and in the 
heads of low-pressure cylinders are to be 15 inches in diameter. 
The plates are to be oast with double shells, turned to loosely 
fit the boles, faced on the inner surface to fit ihe fjicing-strip on 
cover or head, and to be finiished on the outside. They are 
to have flanges 3 inches wide, and IJ inches thick, and are 
to be secured by wrought-iroo bolts 1^ inches diameter, 
spaced not over C inches ajtart, and with finished wrought- 
iron nuts. 



VALVE-CHESTS AND COVERS. 

The Iiigh-pressure and low-pressure valve-chests will have 
o])enin^s at each end for iuserting aod reiuoviog the valves, 
and will be closed by single plate covers of cast-iroD, well 
ribbed, finished on outside with faced flanges A inches wide 
and 14 inches thick. 

Tlie inboard covers will contain the valv^-stem etuffing- 
boxes, the bushes and glands being of composition. The 
packine-spaces will be { inch wide, and Scinches deep, and 
fitted for metallic or ordinary packing. Both inboard and 
outboard covers will have projecting from their inner sur- 
faces suitable guides bushed with brass, for eustaining the 
weight of the valves. The covers will be secured in place by 
] ^inch bolts, spaced not over 6 inches apirt, and with finished 
wrought-iron nuts. Suitable bosses will be cast on the upper 
surface of steam-chests, directly over each steam-port, for the 
attachment of approved oil-cups. 

VALVE-SEATS, 

The valve-seats are to be made of cast^teel of the toughest 
quality combined with a suitable degree of hardness. They 
are to be 1} and 1^ inches thick, and are to be secured a? 
shown in drawings and accurately bored in place to a diame- 
ter of 14 incites for the high and 18 inches for the low-pres- 
sure cylindera, 

STEAM-PORTS. 

The high-pressure cylinder steam-ports will be 2 inches 
and the low-pressure 2f inches wide. There will be 8 diag- 
onal, alternating right and left, bridges in the high-pressure, 
and 12 in eacli low-pressure valve seat. All bridges are to 
be } of an inch wide. 



MAIN STEAM PISTON- VALVES. 

The piston-valves of the high-pressure eyliuders will be 
made of cast-iroo, the thickness of metal in the body of the 
valves bein^ } iauh, and the central cnnnecting trunks having 
an internal diameter of not less than 13 inches. 

The low-pressure piston-valves will be made of composition 
f inch tbick in the body of the valve, and the connecting 
trunks wilt have an internal diameter of not less than 16^ 
inches. 

The valves of both high-pn¥«ure and low-pressure cylin- 
ders will have cast at either end a central b<»j with radial 
arms fur attachment of the valves to their stems. 

Each end of all valves will be made steam-tight by two 
packing-rings of cast-iron, IJ i 1 inch in cross-section, cut 
obliquely and tongued, and held in place by a composition 
follower and wrought-iron bolts. The distance pieces for 
separating the packing-rings at each end of the valves will be 
made of cast-iron for the high-pressure and of composition for 
the low-pressure valves. 

MAIN VALVE-STEMS. 

The valve-stems will be made of casl>-steel, 1} inches diame- 
ter where they pass through the valves, and 3 incites diame- 
ter in the stuffing -boxes. The thread on each stem where it 
is secured to the valve will be raised above the body of tlie 
rod, and the stem will be secured in place by a nut on each 
side of the cross-bar, theinnernut being of steel, and the outer 
one formed by a cast-iron sleeve 3 inches external diiimeter, 
which will be lockeil in place by a steel nut secured by a pin. 
This sleeve will travel in a composition bushing fitte<l in the 
inner projection of its outl)oard cover, and will be furnished 
with an approve*! lubricating device. 

I^ch valve-stem, where it passes through its cross-head, 
will be reduced to a diameter of 21 inches, and ba secured by 
a steel nut ou each side, with suitable locking device. 
2— [2244.] 
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MAIS VALVE-STEM CROSS-HEADS. 

The valve-stem cross-Keads will be made of steel. Each 
will be bored to receive its valve-stem and counterbored for 
the recessed valve-stem nuts. 

The connections of cross-heads to valve motion rock-ehafts 
will be made by two links with conical ring bearings, as 
shown in the drawings. 



THROTTLE AKD STOP-VALVES. 

The main steam -throttle for each high-pressure cylinder 
will consist of a disc-valve 10 inches diameter of opening, 
closing against the pressure in the steam-pipe. The seat will 
be carried in the cylinder casing, and the opening through the 
outside of casing will be closed by a finished cast-iron oover 
carrying the stuffing-box and gland. 

The stem will project horizontally and be fitted with a fin- 
isbn) wrought-iron wheel, arranged as shown in the drawing. 

The valve-stem will be prevented from turning by a gib 
in the guide under the valve, which will tit a groove in the 
valve stem. 

VALVE-OEAK. 

The valve-gear is to be of the radial type, and is to be so 
designed and constructed as to cnt off steam between the limits 
of 0, 25 and 0, 6G of the stroke of the high- pressure pistons, 
and 0. 50 and 0. 66 of the stroke of the low-pressure pistons. 

The cut-offs of the high-pressure and low-pressure cylinders 
are to be capable of being aitjusted from tlie working platform, 
independently of each other. 

The various functions of the valves must full within the 
following limits, the fraction of the stroke being in all cases 
estimated from the beginning of the stroke; 



HIOH-PRESSUBE VALVE LIMITS. 



Minimnm cnt-off. . .— 

Msximnm natroff -. 

Exhftuat opeuiug «t miDiiniim ont-olf. 
Exbftust opening at maximDm cut-off 
Exbaust closing at minimum cnt-otT.. 
Exhaust closing at maximum cnt-off. 



0.64 
0.76 
0.91 



Not 
THAN — 



0.27 
0.70 
0.81 



LOW-PHESaURE VALVE LIMITS. 





Not 


Not 

LATBB 
TBAN— 




0.48 

0.61 
0.H1 
0.93 

0.68 
0.80 


atwokt. 






Exbaast opening at min 
Exhaust opening at max 
Exbauit cloning at mini 
Exhaust closing at maxi 


mum cut-off 

mumout-off 

num cut-off 

mum cut-off 


0.R3 

0.05 
0.72 
0.82 



The angular positions of the crank-arms when 8t«am is ad- 
mitted must be the same in all gears of forward motion, and 
must not be farther than 10° from the dead center, nor nearer 
Uian 7°. 

The width of the porl-opening for steam admission oinst 
be at least 2 inches at maximum cut-off, and ^ inch at min- 
imum cutK>tf for the hieh-preeeure engiues, and 2| inches and 
] ^ inches respectively, for the low-pressure engines. 
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The distribution of steam in backward-gear must be such 
as to permit the engines to be reversed quickly and to run 
astern at full power. 

The eocenlrics are to be forged from scrap-iron or from 
mild steel. E^ach eccentric is to be made in two parts, securely 
fastened together by two raild-steel bolts. They are to be 
truly bored to fit the shafit, and to be secured to the same by 
steel feather-keys and set-screws of approved dimensions. 
They are to be truly turned to a suitable eccentricity, and re- 
cessed at the sides to fit the flanges of the eccentric straps. 
Each eccentric is to be keyed upon the shaft with its line of 
eccentricity 8° in advance of the adjoining crank. 

Each eccentric strap is to be in two parts, of cast-steel, with 
bra-is bushings securely fitted and truly turned to fit the eccen- 
trics. The two parts are to l>e iirnily fastened together by 
two mild-steel bolts with lock nuts and keepers. The two 
)mrt8 of the strap are to be separated by suitiltle brass chip- 
ping pieces, A prolongation of one part of each eccentric- 
strap will form the eocen trie-lever. 

Each eccen trie-lever will carry two mild-steel pins, each 
with a hardened steel thimble securely fastened. 

One of tliese pins to engage with the radius-link and the 
other with the valve connecting-rod. 

The movement of each valve is to be regulated by a revers- 
ing-arm and a radius-link. 

Each reversing-arm is to be carried in bearings rising from 
the top of the corresponding crank-shaft bearing with its main 
centre line parallel to the axis of the crank-nhaft, and in the 
same vertical plane. The reversing-arm with its journals to 
I>e of cast-steel. A forged-steel i>in is to be secured in the free 
end of the arm to engage with the radius-link. Each radius- 
link is to engage at one end with this piu and at the other 
with the lower pin on the eccen trie- 1 ever. A part of the re- 
versing-arm is to form a toothed -sector meshing with a worm 
on the reversing-siiaft. 
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Each valve connecting-rod will engage at one end with the 
corresponding pin in the eccentrio-levei' and at the other end 
with a pin in an arm on the valve-motion rock-shaft. The 
valve connecting-rods are to have such ends that the lengths 
between centres may be adjusted as desired. 

The valve-motioD ruck-shat^ are to be carried in bearings 
bolted to the cylinder-casings, aud are to have arms set at 
suitable inclinations to each other by which the motion will 
be transmitted to the valve-stenia by links. 

The radius-links, valve connecting-rods, valve-motion rock- 
shafts, valve-motion rock-shaft arms, valve-motion cross-heads, 
and valve-links are to be forged of mild steel, finished all over. 

All Joint-pins are to be of steel, hardened and ground to true 
circular cylindrical surfaces. 

All worktng-beariuga are to be of phosphor bronze. 

The housings of the reversing-arm bearings, and the revcts- 
iag-arnis are to be of cast-steel. 

The radius-links are to be capable of adjustment so as to 
preserve a constant distance between centers when taking up 
lost motion. 

Fixed trammel8aretcbefurnished,suitably protected from in- 
jury, for setting the radius-link centers to their proper distances. 

The valve-stems are to be marked and furnished with fixed 
trammels for setting the valves without removing the valve- 
chest bonnets. 

A spare set of phosphor-bronze bearings is to be furnished 
for all adjustable joints. 

All parts of the valve-gear are to be suitably marked for 
convenience of putting together properly when overhauling. 

The valve-gear is to conform to such drawings as shall be 
furnished. 

REVERSIN<i-OEAR. 

Each engine will have an independent reversiug-gear, each 
of which will consist of a double- upright inverted-cylinder 
engiue, driving by bevel toothed -gearing the worm-shaft which 
engages with the sector on the reversing-arni. 



14 

Each reveraing-eiigine is to be properly bolted to Iiigs foiled 
on the framing tic-rod of the correspoudiiig main engioes. 
Tlicse lugs are to be supported by stanchions bolted to them 
and to the engine keelsons. These engines are to have cylin- 
ders of 5 inches bore and 4 inches stroke of piston. The 
cylinders and valve-chests are to be in one casting, of compo- 
sition. The pistons and piston-valves are to be of composition, 
with approved packing. 

The cylinders are to be carrie<I on mild-steel stanchions, 
step[)ed in the engine bed-plate. These stanchions are also to 
carry the cross-head slides, the valve rock-shafts, the shaft 
carrying the wheel which operates tlie differential valve-gear, 
and the rock-shaft connected with the hand -reversing lever. 
The engines are to have piston-valves without lap or lead. 

Each piston-valve is to be worked, through a suitable rock- 
sliftlt and levers, by the cross-head of the adjoining engine. 

The reversing of each reversing-engine is to be effected by 
a piston-valve so constructed as to change the ports of the 
engine-valves from steam to exhaust, and vice-versa. 

The re versing- valves are to be worked by a differential 
screw-motion, so constructed that the reversing-engines shall 
follow the motion of the reversing-lever. 

Each puir of main engines is to have one reversing- lever, 
whicli is to be conveniently plai«d to be worked from the 
working-platform, and to be fitted with a spring-catch engag- 
ing in notches in a. fixed sector. 

The notches are to be plainly marked for the ahead and 
astern motions and for the various grades of ex^mnsion. 

The reversing- lever sectors are to have adjustable-sto{)s to 
prevent the levers being thrown beyond the full ahead and 
astern positions. 

The reversing-Ievers are to \k connected by the necessary 
rals and ))ell-cranks to the ditlerential screw-motion of the 
revcrsing-vatves. 

Each reversing-engiue is to have a cylindrical throttle- 
valve so constructed that when steam is shut off the engine, 
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the valve-chests shall be in communication with the atmos- 
phe,e. 

E«ch of these throttle- valves is to be worked by an inde- 
pendeDt lever Irom the workiug-platforiu. 

The levere are to have spriog-catches to hold them In the 
full open and shut positions. 

There will also be a stop-valve in the pipe taking steam to 
both reveraing-enginea, with such gear that the valve may be 
worked from the working-platform while handling the revers- 
ing- lever. 

The reversing-engines are to exhaust into the feed-tank. 
The exhaust-pipes are to have no valves or cocks in them 
which can prevent a free exhaust. 

Each rcvcraing-worm shaft is to be carried in two bearings. 
The lower bearing, which is to be carried by the tie-rod of 
the main engine-frame, is to be suitably arranged to take the 
thrust of the worm-shaft. The upper bearing is to rise from 
the housing of the reversing-arm bearings. 

The thnist-coUarB on the worm-shaft are to be capable of 
adjustment for lost motion. 

The reversing-engine crank-shafts, stanchions, pillow-block 
caps, all bolts, the cross-head slides, and the worm-shafts are 
to be of mild-steel. The piston-rods, valve-stems, valve con- 
necting-links, connecting-rods, cross-heads, and all bearings, 
are to be of phosphor bronze. The cylinders and valve- 
chests are to be neatly cast and left unlagged. All toothed 
gearing is to be cut from solid blanks. 

A shield of sheet-brass of about No. 16 B. W. G, is to 
protect the back and ends of each reversing-engine from water 
8|iattered by the cranks. 

Each re versing- worm shaft is to be squared on top and a 
suitable box-wrench provided for reversing by hand. 

Suitable stops with approved elastic-buffers are to be pro- 
vide<i to prevent the reversing-arm being thrown over so far 
as to endanger any part of the mechanism. 



STEAM-OOVERKOE. 
There will be an efficient governor of kd approved tyite, 
with all necessary connections fitted to the governor- valves of 
each set of engines for preventing racing in rough weather. 

CYLINDER RELIEF- VALVES. 

There will be an automatic relief-valve, of not less than 
4| inches diameter, located near the bottom at each end of 
each cylin<ler. These valves will be kept on their seat8 by 
spiral springs with approved method of adjustment. These 
springs to be long enough to allow tlie valves to open to their 
lull extent without unduly increasing the load. The valves 
to be guided by loosely fitting wings. The springs are to bear 
on shoulders on spindles which fit loosely in sockets recessed 
in the backs of the valves. These spindles to !« so fitted that 
the valves can be moved by the application of a lever. The 
valves to be fitted with casings which will prevent danger of 
people being scalded by hot water from the cylinders, and pre- 
vent steam and water reaching the valve-springs. Suitable 
fulcrums to be on casings, for the application of levers for 
working the valves. One lever to be furnished for each en- 
gine. A spare spring for each valve to be furnished. AD 
springs to pass a satisfactory t&it. 

CYLINDER DRAIN-COCKS. 

There will be fitted to each end of each cylinder, as low as 
possible, a drain-cock of approved design with 1^ inch open- 
ing. These cocks to have bottoms cast in their sheila and to 
have stuffing boxes at large end. The shells to have set 
screws with conical points bearing against tlie bottoms of the 
cocks to prevent setting fast. These cocks to be made of 
composition and to he flanged and Ixilted to bosses on cylin- 
der <«.sings or heads. The cocks on each cylinder to be oper- 
ated by one lever at working-platform. A pipe leading to 
bilge is to l»c attached to each cock by a union-joint >j;Wi^ 
conical Itearing. 
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MAlS-riSTOXS. 

The pistons will be made of composition, with double uhell 
well-ribbed. The thii-kiie^s of the metal to Iw -j^ inch, and 
tliat around the eyes of the piston-rods to be 1^ inches. Each 
piston will have two cast-iron wearing- rings, 4J inciies wide, 
npon which it will rrat. These rings to be so fitted that any 
part of the circumference can be adjusted to take the wear. 
The packing-rings are to l)e j of an inch thick, 2 inches wide, 
and will be adjusted i)y btecl-springs of proper tension. The 
followers are to be 1^ inches thick, and secured in place by 
six wrought-iron bolts for the high, and eight for the low- 
pressure pistons; all are to be 1^ inches diameter. 

All core-holes are to be in the periphery of the pistons. 

PISTON-RODS. 

The piston-rods are to be of steel, finished 5 inches diam- 
eter, fiued and secured to the pistons with closed counter- 
sank com|>06ition nuts, locked in position. 

The rods will be screwed into and securely locked to crore- 
heads. 

CYLINDER TIE-RODS. 

The tie-rods securing the cylinders to pillow-block frames 
will be made of steel, turned to a diameter of 4^ inches. 
They will have T-lieads forged on each end, and the forward 
andaftertie-rodsof each engine will have lugs forged on them 
for the attachment of the reversing-engines and worm shaft 
thrust. These rods will be secured to the pillow-blocks, by 
the crank-shaft, bearing cap-bolts, and to the cylinders, by 
steel-bolts of the same size as the Gap-l>oltB, tipped into nuts 
pockete<t in the cylinder-casings. 

PISTON-HOD 8TUFFINQ-BOXE6. 
The piston-rod stuffing-boxes will be formed in the qrllnder- 
heads, and will be fitted with composition bushing and glands, 
—3 [2244.] 



The packing-space will be 1 inch wide and 8 inches deep, 
and will be fitted for an approved metallic packing. 

CROeS-UBADS. 

The cross-heads are to be of steel, finished all over, and 
fitted with composition slippers 18 inches wide, 19 inches long, 
and i inch thick; each secured in place by a flange and 4 
wrought^iron bolts, as shown in drawings. 

The brasses for connecting-rod jonrnals are to be IJ inches 
thick, faced 10 inches long, and bored to a diameter of 6^ 
inches. They will be clamped by a steel cap, secured by 2 
mild steel bolts, 3^ inches diameter, fitted with locked nuts. 

CR06S-IIEAD SLIDES. 

The cross-head plides will be made of hard cast-iron, with 
an oil-gutter at each end. They will have composition back- 
ing slidee 4^ inches wide, each secured by six l-mch wrought- 
iroii bolts. 

The slides will be well secnred to the cylinders at one end, 
and supported and fixed at the other end on a column, which 
will rest upon a keelson, and be substantially fixed to it. 

CONNECTING-BODS. 

The connecting-rods are to be of the best mild steel, finished 
all over. They will be 60 inches long between centers, 6J 
inches diameter of neck at crank-pin end, and 6 inches diame- 
ter of neck at cross-head end. Each rod will be divided at 
the cross-head end, and have a pin 6J inches diameter and 10 
inches long, worked from the solid forging, for the cross-head 
journal. This pin will have a hole drilled axially from end 
to end, | inch diameter. 

The caps for the crank-pin brasses will be made of steel, 
each secured by two mild-steel bolts, -3^ inches. *ivM».«N*« ■.S;''^-**^ 
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with steel collar-Dufs recessed into caps and secured by steel 
retain ing-8crews. Tlie end of each bolt, wliere projecting 
through the nut, to be reduced to the diameter at bottom of 
threads, finished hemispherically, and fitted with a split-pin. 
The brasses for crank-pins are to be Ij inches thick, and 
accurately fitted to pins and rods. 

CRANK-SHAFTS. 

The crank-shaft for each set of engines will be made of 
steel, forged with solid webs and couplings, and in two inter- 
changeable sections, each 6 feet 1 inch long, which will be 
bolted together with their cranks at right angles. 

The shaft-journals will be 10 inches diameter, the central 
' journals 1 1 inches long each, and the forward and after jour- 
nals each 18 inches long. The crank-shaft webs will be 7 
inches thick. The crank-pins will be 10 inches diameter and 
15 inches long. The couplings will be2j inches thick and 21 
inches diameter. The crank-pins and shafV-journals will have 
3^ inch holes drille<l axially through them. The crank-pins 
will have radial holes extending to the surface of the pins, as 
shown in drawings. 

All journals when finished will be tested and their accuracy 
proved. 

A crank having a throw of 12 inches will be !>olted to the 
flange on forward section of each shaft for working the air- 
pump. 

CRASK-SHAFT AND CRANK-PIN BRASSES. 

These brasses will be made in two parts, the crank-shaft 
brasses 1} inches thick and the crank-pin brasses IJ inches 
thick, and bored 10 inches diameter. They will be faced to 
allow ample end motion and to match the adjoining webs or 
eccentrics. 

The shafVbrasses will be bored in place and will have a 
hole 2 inches in diameter in the center of each cap-brass 
through which the journal may be seen. 



Both shaft and crank-pin brafses will be scraped to accu- 
rately fit their journals. 

BED-PLATES AND PILLOW-BLOCKS. 

The bed-plates for pillow-blocks will each be mode in one 
casiing, from which will spring the pedestals foi' crank-shaft 
bearings. The plates and petlestals will be cast hollow, with 
walls 1^ inclies thick, the metal around the brasses not to be 
less than 2J inches thick. The bottom of bed-plates will be 
faced 1| inches thick and 4 J inches wide, and will be well- 
ribbed to the walls of the plate. The jaws of the bearings 
will be closed by finished cast-steel caps with a hand-hole in 
each, and will conform in width to the jaws and be secured to 
them by two mild-steel collar-bolls, 2 j inches diameter, which 
will also serve as retain ing-bblts for the cylinder tie-nxls. 
These Imlts will be fitted with wrought-iron stoppered nuts, 
secured by steel setrscrews. 

.SURFACE-COSDESSEHS. 

The condenser-chests are to be cylindrical in form, "built 
up " of sheet brass i inch thick, amply sustained by angle and 
T-rings and composition flanges for the tube-platen. 

The exhaust and discharge-nozzles, also the chambers for the 
circulating wafer and the covers for the same, are to he of 
composition as tliin and light as practicable, combine<l with 
ample strength and stiffaesg. The diameters of the three 
exlianst-openings, and of the dischai^e-ojwnings to air-pumps', 
are to be 10 inches. The injection and deli very -openings 
for the circulating water will be 9J inches in diameter. Ail 
flanges to be not less than 3 inches wide. 

An internal pipe of brass, suitably perfonited for spraying 
the water, is t«be fitt«i toeachcondenser for use as a salt-water 
feed, the pipe to be 3 inches diameter and to have a composi- 
tion Bto)>-valve attached, connecting it to the circulating side 
of the condenser. 
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Kach chf^t will contain 1,791 seamless drawn brass tubes, 
j inch outside diameter of No, 20 B, W. G. thickncsa, spaced 
^ of an inch between centers. 

The exposed condensing length of tubes to be 10 feet, hav- 
ing a tot-al cooling surface of 2,930 square feet. The tubes in 
each condenser wll! be arranged in two divisions, so that the 
condensing water will pass first through the tubes of one divi- 
sion, then through the tubes of the other to tlie outboard 
del iverj-- valve. The tubes are to be thoroughly tinned inside 
and out previous to the last drawing. 

The lulw-platcs are to be of bra.'ia Iji inch thick, bored or 
cored ibr the tnlxs, and connter-bored -j^ inch diameter aud f 
inch deep; the packing to be compressed by composition- 
glands screwed into the plates, an<l to have a device for pre- 
venting crawling of the tubes. 

The tubes will be suitably supported by an approved system 
of com]H)sitiou diaphragm and defiecting-plates in each con- 
denser. 

The condensers will be locatwl behind the engine cylinders, 
to which they will be staye<l, and will be supported on stan- 
chions or saddles, and otherwise well secured in ship. Addi- 
tionally the condenser in the forward compartment will be 
fitted with straight way- valves in its cylinder exhaust- pi pes, 
and discharge-pipe close to air-pump, for closing all commu- 
nicatiou with the main engines when the condenser is used for 
£uxiliary purposes. The o|>cnings of these valves to be equal 
to the area of their respective pii>es. 

The diaphragm in the circulating water-chamber of each 
condenser will be fitted with a rectangular hinge<l-valve of 
composition, having an opening of 12 by 12 inches for allow- 
ing the water from the circulating-pump to pass overboard 
directly when that pump is used for bilge purposes. This 
valve will be operated by a lever for closing and securing it 
when it is desired that water sliould j)ass through the tubej of 
the condenser. 



EXHAUST-PIPEB. 

The exhaust-pipes, three in number, connecting each low- 
pressure cylinder with condenser will be 10 inches internal 
diameter each, and made of copper. Tliey will be fitted with 
expansion -joints and with composition flanges, faced 3 inches 
wide, riveted and brazed. The opening in btittom of con- 
denser for the discharge of water and vapor will be connected 
to the induction side of air-pump by a composition pipe of 5 
by 9 inches internal cross-section, with flanges faced 3 inches 
wide. 

The auxiliary exhanst-main, where it passes through the 
engine-compartments, will have a diameter of 6 inches and 
will be made of copper. It will have in each engine-compart- 
ment two exhaust-connections ; one to condenser and one to 
engine-room receiver, each 4 inches internal diameter. All 
flanges will be made of composition, faced not less than 3 
inches wide, riveted and brazed. 

AIR-FUMPS. 

Each engine will have an incline*! double-acting air-pump, 
13 inches diameter and 24 inches stroke, which will be oper- 
ated by a crank boiled to forward section of crank-sliafl. 

The pump-cylinders, valve-chests, covers, bonnets, and 
valve-seats will be made of composition. The cylinders will 
be 1 ^ inches thick and of sufRcient length for a stroke of 36 
inches. 

The valve-chests will contain, at each end of the pump, 
valve-seats, properly faced, with 18 induction and 16 
delivery- valves of 4 inches diameter of ojiening, arranged as 
shown in drawings. The valves are to be made of hard 
rubber, and will be fitted with brass guards and volute 
springs of proper tension. The pumi>-|ti»ton3 will be made 
of composition, with efficient metallic packing. The piston- 
rod of each pump will bo made of phosphor bronze 2J inches 
iu diameter, secured in the piston by a comjjosition collar-nut 



I SJKCTION-VA LVES. 

Tlie chests, valves, seats, linnets, glands, screw-stems, and 
hand-wheels of the injection- valves are to be of comi)osition. 

£ach valve will be faced with vulcanized rubber, and will 
cover an opening through the seat of 10 inches diamet«r. 

Each cliest will have a nozzle of 4 inches diameter of opeii- 
ing, under the valve, for fire-pump suction. 

Composition strainers, |)erforated with |-incli holes equiva- 
lent in area to twice the area of valve, will cover the ojieniDgs 
through the ship. 

IlIUiE IXJECTIOX. 

A copper pipe of 10 inches internal diameter will connect 
the main injectinn-valve chest with the liilge in each engine 
compartment. The pigie will have attached to it a composi- 
tioD non-retnrn valve of 10 inches diameter of opening, which 
will be located in each compartment as shown in the drawings. 



OUTBOARD-D ELI VERY VALVES. 

The chests, bonnets, seats, valves, stems, and glands of out- 
board -deli very valves will be of composition. 

The valves are to be litte<] as checks, to open by pressure 
from inside, and faced with rubber to cover openings tlirough 
seats 10 inches diameter. Euch chest will have a nozzle of 4 
nches diameter of opening, outside the main valve, for the 
bilge-discharge from auxiliary pumps. 

SEA-VAl.VBS. 

There are to be two sea-valves of not less than 5 indiea 
diameter of openings for each fire-room, one to be used for blow 
and tlie other for sea-suction. One set will !« located Iwtween 
frames 41 and 42, and tlic other set between frames GO and 61; 
the center of each valve to be 24 inches from the center Uttc. 



KVAPORATORS, DISTILLERS AND TIIEIR PUMPS. 

The distilling apparatus will be located on the berth-deck 
wlierc <lirected, and will consist of one or more evaporators 
and distillers of approved design capable of furnishing 2,000 
gallons of potable water in 24 nours. 

The auxiliary pump in fire-room will be used as a circu- 
lating-pump for tlitt distillers. The pumps for supplyiufir the 
evaporators will have a capacity equal to a No. Blake 
boiler feed-pump; will be connected on the suction side with 
the salt-water side of the distillers, and will discharge into 
the evaporators through suitable check-valves. 

The circulating water, after passing through the distillers, 
will go Ibrwnrd through a 2J-inch copper-pipe for use in 
flushing the heads; a 2^-inch copper bye-pass pipe, fitted 
with suitable valves, wilt connect the discharge of the pump 
used to circulate water thrciugh the distillers with the pipe 
leading forward to the head, for use when from any cause the 
distillers are shut off. 

The evaporators will be felted and lagged, and each will be 
fitted with a safety-valve, steam^uge, glass water-gauge, sali- 
uometer-pot, and blow-valve ; the pi])es from the blow-valves 
to lead through ship's side, or to be connected to the bottom- 
blows in fire-roou), as may be hereafter determined. 

The distillers to be fitte<l with filters and with the pipes 
necessary for running the distilled water into the fresh-water 
tanlis. 

PUMP-CYLISDERS. 

The water-cylinders of all &team-pum{>s will be made of 
composition, abd will be fitted with relief-valves <<onnecting 
the receiving with the delivery side of the pump, and suita- 
bly loaded for the service reijuired in each case. 

AU pumps will have screw check-valvps in suction and de- 
livery-pii>C9 close to puni[t-chambers, and stoi)-valve8 in both 
steam and exhaust-pi{)es. All suction-pij)e3 leading to bilge, 
excepting those from the circulating-pumps, are to be fitted 
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with Macomb bilge-straiuers. The steam-cyiindera of all 
pumps, blowers, and other auxiliary machinery will have 
their exhaust-nozzles oonnented to an exhaust-main, which 
will pass through engine and fire-rooms. This main will be 
connected to both main-coudeiisers and to the receivers of 
both engines, will also have a discharge into the atmosphere, 
and will be furnished with the necessary valves for governing 
the direction of the exhaust. Additionally, the main feed- 
pumps will be supplied with means of turning their -exhaust 
steam into their feed suction-pipes. 

W( (RKINO-PLATFORMS. 

Working-platforms of wrought iron will be situated ecoh 
«de of (he bulkhead, between the engines, convenient to which 
will be arranged all the handles, levers, and connections for 
operating the engines, with the counters, revolution indicators, 
clocks, steam, and vacuum-gauges in plain view. 

Ladders will be provided as means of escape from engine- 
rooms when the water-tight doore are closed, and will be lo- 
cated ou the bulkhead separating the engine compartments. 

The engine-room stairway for ordinary use will oe accessible 
from the berth-deck, thniugh a door in engine-room hatch bulk- 
head, and will have its landing on the working-platform in the 
forward engine <-ompartmeut. A door under this stairway will 
communicate with after engine compartment, and suitable 
footways will be arranged for access to the moving parts of 
the machinery, fitted, where required, with brass hand-rails 
and finished w;ronght-iron stancnions. 



FEED-WATER TAXKS, 



A feed-water tank will be placed in each engine-room over 
the air-pump, as shown in the drawings. These will be made 
of wrought iron not over A inch in thickness, and will have 
a capacity of about 150 gallons. .Each tank will bft, ftSisA- ■*»- 
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a filter and be provided with a vapor-pipe, a float-valve for 
preveDting access of air to feed-pump, an overflow-pipe, and 
a glass gauge. 

A pipe of ample capacity will connect the tanks with each 
other, and will be furnished with a stop-valve for making or 
closing coramtiDication between the tanks. 

A supply-pipe will lead from these tanks to the main feed- 
pumps in fire-rooms. 

LIHE-SHAFTIMG. 

The section of line-shafting of forward engine will be made 
of steel, finished 10 inches diameter, with coupling-discs 21 
inches diameter and 2^ inches thick at after end, and 4 inches 
thick at forward end. It will be about 20 feet and fi inches 
in length, the actual length to be taken from the ship. It 
will have a 3|-inch hole arilled axially through it, and will 
be supported about the middle of its length by a spring bear- 
ing. Where it passes through the engine-room bulkhead, a 
stuffing-box will be fitted as an additional l»earing. 

The line-shaft will be connected to the forward engine crank- 
shaft by a flexible coupling, and to the thrust section of sliaft- 
ing by six steel body-bound bolts 2^ inches in diameter, with 
finished steel nuts. 

THBf 8T-SHA FTINO. 

The thrust sections of shafting, one for each engine, will be 
about 10 feet and 6 inches long, 10 inches diameter, with a 
coupling-disc forged on the forward end 21 inches diameter 
and 4 inches thick. The after end will be enlarged, and made 
with a socket bored 15^1 nches deep and tapering from 10 to 
9 inches diameter, with suitable flanges for the eoupling-bolte, 
which take the pull when backing. 

Each shaft will have 12 raised collars for taking the thrust, 
IJ inches thick, except the end collars which will oe 1| inches 
thick and I'S^ inches outride diameter, with spaces 1^ inches 



between tliem. The sliaft3 will be made of steel aud will each 
have a 3)-inch bole drilled axially through it. 

The port section of thrust-shafting will be connected to the 
after engioe crank-shaft by a flexible coupling; the starboard 
section to the line-shaft of forwanl engin^by 6 body-bound 
steel-bolts, 2} inches diameter, with finished stccl-nuts. 

PROPKI,LEK-SirAmN<J. 

The propel ler-sh aft inf; will he made of steel, turned 10 
inches diameter, and made with the inboard ends to match the 
sockets, of the connecting shafts, to which they will be con- 
nected by feather-keys. 

Each propeller-shaft will be about 51 feet long, the actual 
length to be taken from the ship, and will have a ^J-ineh hole 
drilled axially through it. Kach will be fitted with a disc 
collar 21 inches diameter and 3 inches thick, screwed on and 
coupled to the socket flanges bysixateel-boltsl } inches diameter, 

Each shaft will be covered with a composition casing J inch 
thick, except where it rests in outside bracket-bearings, where 
it will be } inch thick, finished on outside and extending from 
the coupling to 3 inches within the hub of the pro]»eller; 
thence tbeahafts will taper from lOinchestoGinchesinalength 
of 23 inches, and be fitted each with two steel keys 1 j x IJ 
inches, plaired opposite each other, and will have a thread 
turned on the end and he fitted with a composition closed nut, 
suitably locked, for taking the backing-thrust. 

.SCREM-PR0PELI.ER8. 

The propellers are to be made of manganese bronze, alxiut 
11} feet diameter; to have adjustable blades of such form and 
pitch as may be required, and to turn outward in forward 
motion, 

OITSIDE AXD STERS-PIPE HEARINGS. 
The stern-pipes and outside-bearings will ha%'e composition 
;s divided in halves, and fitted with lienumvitie staves. 



The beariags to be not leas than 36 inches lonj, with the 
proper flanges for securing them in poattion. 

STERN-PIPE STUFFING-BOXES. 

The stuffing-boxes are to be made of composition, with a 
packing space of 1 inch wide and 7 inches deep, fitted with 
followers made in two parts with a space of 1} inches between 
them and properly secured in place by Tobin's metal bolts. 
Each stuffing-box will be placed wholly within the stern-pipe , 
properly secured, and made water-tight by suitable flanges on 
its inbnard end. 

THRUST-BIXICKS AND BEARINGS. 

The thrust-blocks are to be of cast-iron, made for a circu- 
lation of water through them, and titt«d with composition 
thrustrrings 1^ inches thick, arranged to match the rings and 
grooves of the shafts, the rings to be held from turning in 
their seats by chocks secured by the caps; the caps to be made 
with lugs locking into the blocks, also with ample oil and 
grease-cups with hinged covers, and fitted with tubes and 
wick-holders for each ring; the caps to be well secured in 
place by four wrought-iron bolts 1} inches diameter. 

The blocks will rest on foundations built in the ship, to 
which they will be secured by four bolts, 2 inches diameter, and 
otherwise fitted with keys so that they can be accurately ad- 
'iusted to line in any direction. (The above specification to be 
Iteld subject to change by introducing a hydraulic registering 
device for showing the actual thrust on the shafting.) 

SPRlNG-REARINd. 

The line-sliaft ing of forward-engine, where it passes through 
after-engine compartment, will be supported from the center- 
engine keelson by a spring-bearing having a length of at least 
12 inches. 



t 
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JACEING-WHEEXS, 

There is to be a cast-steel ring keyed on the periphery of 
ihe forward coupling of each thrust-snail; to have an onteide 
diameter of 33 inches and with 4 inches face, and to be 
drilled with fifteen 3-inch holes equbpaced around the circle 
at a radius of 14 inches. The holes to be slightly tapered and 
smoothly reamed. Four steel pins will be required to fit the 
holes in jacking-wheels. 

FLEXtBLE COVPLINQS. 

The crank-shafts of both engines will be connected to their 
respective sections of shafting by 10 steel-pins, If inches 
diameter where they pass through the crank-shaft coupling- 
discs, in which they will be secured by finished steel nuts with 
suitable locking-device, aod 2^ inches diameter where they 
project into the coupling-discs of thrust and line-shafting. 
These discs will stand off from the faces of crank-shafl coup- 
ling-discs about ^ of an inch, and each pin will be fitto] with 
an approved automatic lubricating device. 

FKtCriOK-BANDa AND WHEELS. 

Steel friction bauds 4 inches wide, with all the requisite 
connections are W be fitted to clamp the circumferences of the 
friction-wheels, which will be formed on the circumferences 
of the jacking-wheels. 

WATER-PIPES. 

Seamless brass water-pi}»es, 3 inches diameter, are to be 
fitted, and have two connections, one with the sea and one with 
dischai^ of auxiliary pump, with the necessary valves in 
each engine-room. 

They will have two branches of not lees than 1 ^ inches 
diameter to each main and crank-pin bearing; two brauclx«& 
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of 1 iiidi diameter to each cross-liea<l slide; one branch of 
1 inch diameter to eacli ecct'ntrlc, and two brandies 1^ inches 
diameter to each thrust -bearing. 

Also two of |-inrh diameter, screwed into each crank-shaft 
pillow-block, with holes leading down through brasses to tops 
of jonmals. 

All branch water-pipes will be fitted with cocka or valves 
for regulating tlie supply of water to bearings. 

JOURNAL- BOXES. 

All journals or moving parts of iron or steel are to ran in 
conipoeitioD-boxes. 

The crank-pin and crank-shaft boxes are to be lined with 
an approved anti-friction metal. 

INDlCATOR-PITTISra AND MOTIONS. 

Indicator-connections for each end of each steam-cyliuder 
and air-pump are to be fitted, as near as possible, to the bores 
of their cylinders, and so located as to be easily accessible. 

The indicator-motions are to be so designed as to give the 
indicator-barrels motions coincident with those of the pistons. 

RBVOLUTIOH-INDICATOR9, 

Revolution-indicators showing on suitable dials the speed 
and direction of the engines are to be placed in each engine 
room, and snitable dials for showing in which direction the 
engines are turning are to be placed in such [lart of the ship, 
on deck, as may be required. 



Each crank-pin will ba fitted with a centrifugal oiling device 
as well 'M a telescopic or wiping arrangement, both to be of 
approved design. All crank-shaft bearings will have ample 
oil-cups with hinged covers, tube and wick-holders, and so 
arranged that the amount of oil [wissiiig down each tube to the 
journals can be seen and regulated. Wijwrs carried by the 
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upper ends of the eccentric-levers are to furnish oil for lubri- 
oitiog the eecentrics nnd all connections of the eccentric-levers. 
These wipers to take oil from strips of webbing or other ap- 
proved device, sujiplied by oil-cups suitably Hupporled and 
capable of adjustment so as to feed oil in all posiiioiis of the 
valve-gfar, and also so arranged as to make the supply of oil 
to the various parts indepeudeutly adjustable. 

All other joints or moving parts not otherwise referred to, 
and especially the cross-head slides and the valve-connections 
are to have finished iirass automatic oiling-gear of approved 
design, capable of supjtlying sufficient lubrication while the 
engines are in operation without waste of oil. 

All oil-cups to be such as can be easily filled while the en- 
gines are running at maximum speed, and to have an oil 
capacity for at least four hoiu^ running. 

All fixed bearings to have drip-cups cast on where ]x>S8ible, 
otherwise to be made of cast-brass and properly fitted. 

All such cups to have drain pipes and cocks of at least ^ 
inch diameter, which can be used while the engines are in 
operation. 

All moving bearings are to have drip-cups or pans of sheet 
brass where necessary. 

HOLES THEtOUGH SHIP. 

All holes through the ship are to be covered by cocks or 
valves on the inside,and to be fitted with zinc protecting rings 
if require*!. 

PUUl'-CONNECTIONS TO FIRE-MAIN. 

The fire and bilge, and auxiliary feed-pumps will each have 
a discharge- pipe, with straightway stop-valve, connecting it 
with the lire-main running fore nnd aft, and a branch from each 
dis('harge-pi(>e near the pump will be fitted with stitndard 
bose-<x)nnuction and straight way- valve. 
—5 taSM.) 



EYE-BOLTS. 
Wrought-iron eye-bolts and traveler-bars are to be properly 
located and secured M'lierever required for lifting different 
parts of machinery, and particularly the covers of cylinders 
and valve-chests, the covers of air and circulating- pumps and 
their valve-chests, the condenser-bonnets, the connecting-rods, 
the caps of pillow-blocks of crank-shaft, and line-shaft jour- 
nals and of thrust-bearings. 

8BCUEING EKGINES IS SHIP. 
The engines will be adjusted and lined ujton tlie engin&- 
keelsous by means of wooden wedges driven from both sides 
of the bearing-surfaces, and when accurately in line the spaces 
around holdine-down bolts between sole-plates and keelsons 
will be filled by accurately fitting wrought-iron horse-shoe 
washers, upon which the holding-down bolts will be set up 
and locked in place. 

STEERINO-ENGINE. 

A steering-engine of the Williamson type will be supplied 
and fitted where shown on the plans. It should be of the 
latest type to work by hand or steam-power, and of sufficient 
I>ower to put tlie rudder from amidships to hard-over in 12 
si'conds when the vessel is going ahead at the rate of 1 6 knots 
per hour. The engine contractors will fit and secure the 
engine, supply the steering-wheels directly attaches! to it, 
make the steam and exhaust-connections, and supply and fit 
the whole main-shaft and sprocket-wheel; but all deck- 
wheels, and all roils and gear for actuating the valves from 
the deck are to be fitted by the hull contractors who will also 
cut all holes in the decks and bulkheads for securing the 
engine and running the shaft, <tc. Where the shaft jHisses 
tlin>ugh bulkheads, bra.<« stuffing-boxes will be fitted water- 
tight. All journals are to be in bras.s bearings and fitted with 
self-feeding oil-cups. 



8TEAM-WISDLASS AND CAPSTAN. 

A steiim-windlass of approved pattern, suitable for 1^-inoli 
chain, will be supplied and fitted. It will be located on the 
main deck under the forecastle, where shown on the plans of 
the hull, and will have a capstan attachment on the deck 
above. Both capstan and windlass should work by either 
hand or steam power. The steam-cylinders, which should be 
of sufficient size to raise both auchors at once at the r&te of 6 
fathoms |)cr minute, with st«im-pressure of 30 pounds by 
gauge, mnst have revcrsing-gear, and be located upon the 
main deck. Steam and exhaust-connections will be made and 
all fittings, capstan bars, and spare parts supplied complete. 

The contractors for the hull will make all holes in the 
decks for securiug the windlass and capstan, and will stow 
the fittings, &c. 

l>RAlN-PrPES AND TRAPS. 

All receptacles where condensed steam is likely to accumu- 
late will be provided with drain-pipes and cocks of ample 
capacity leading to automatic traps (fitted with bye-pass pipes 
and valves), which will discharge into feed-tanks. 

The drain-pipes from safety-valves are to be connected at 
least } inch below die level of valve-seats. 

nOILBRS AND ATTACHMEKTS. 

There arc to be four horizontal tubular lK)ilers placed for- 
ward of the engines, in pairs longitudinally, ouc pair for- 
ivard and one i>air abaft an athwart-ship bulkhead passing 
under the center of the smoke-pipe. The Ixiiler^ are to carry 
a working pressure of 100 pounds by gauge. There will be two 
athwart-ship fire-rooms, one forward of the forward boilers 
and one abaft the aA«r boilers. 

There is to be one fixed smoke-pipe in vertical plane over 
the keel, connecting wilh an uptjike common to the four 
boilers. The boilers are to be constructed of open hearth 



steel. All plates are to l>e planed on their eJgc3,aud thoroughly 
calked inside and out wherever accessible. Butt-joiutcd seoius 
are to be covered witli straps, and ail rivet-lioles are to be 
either drilled to full size or be punched J of au inch small 
and reamed in place to projwr size. Eaah boiler is to be 10 
feet in diameter outside and 16 feet lung, and to have three 
furnaces 38^ inches least internal diameter, projecting 3^ 
inches from front of Iwiler and extending to combustion- 
chamber. 

ORATB-SURFACE. 

Each furnace is to have a grate 38J iudies wide and 75 
inches long, or 20 feet in area, ap^^regating 240 fetst in the 
four boilers. 

GRATE-BARS. 

The grate-l«r9 to Iw of wrought -iron, in one length, of 
appnived )>attern. They will be arranged to ba shaken by 
proper tools at front end; these tools to be furnished. The 
fumaoe- fronts, bridge-walls, and bearers to Ix: proj>erly fitted 
to support the bars. 



[•jich boiler is to contain three himdred and eighty lap- 
welded wrought-iron tubes, Kvery third tube, vertically and 
horizontally, is to be a stay-tulie; and will Iw i inch thick 
and 2J inches external diameter. The other tubes will be 
Xo. 11 B. W, G. in thickness, 2} inches external diameter, 
and will bo enlarged tii 2f| inches on that end which is secnred 
tu the tube-sheet through which they must pass when being 
removed. 

The Btjiy-tubcs will be screwed Into both heads, the bock 
ends to be swelled to 2| inches diameter and be fitted with a 
nut on the outside of head. This metho.l of setting is sub- 
ject to cliange if ao direct^. 



The shells are to be of plates f inch thick, tlie h>n(ritu<)iiial 
joints to be douhle-stmppecl and treble-riveted each side of 
seainK, the proportion of joint to !« as shown on drawing. 
The circular-joints to be single-strapped and double-rivetea- 
The shells will depart from the circular fonn at cnch end ou 
top, where they will be rounded to qnadrants, the radius of 
which is 32| Inches. 

TtBi'>-«HEETS. 

The tube-sheets are to l« J inch in thickness, and are to l)e 
accurately drilled for three hundretl and eighty tubes, S|>ace<i 
;tj iocliefl Iwtweon centers vertically and horizontally. The 
distance between insides of sheets is to be 6 feet lOJ inches. 

HEADS AND 11RACE8. 

The heads are to !« § inch thick. The upper jwrtions of 
the heads will be braceil by a row of eight braa« 2 inches 
in diameter, 12 inches Ixjtweeu centers, and 24J inches above 
center line of Iniiler; the braces to be of mild steel without 
welds in length or eyes. The braces will be made as shown 
in drawings, with nuts on both sides of boiier-heads ; having 
raised threads on ends. 

There are tu I)e two 1 J-incli bracts between the front head and 
furnace plate of combustion-chamber, secured to head by stu<l3 
and coupled to two angle-irons, running across the comhustiou- 
chamber plate, by IJ-inch pins. FourlJ-inch diagonal braces 
are to be fitted, one on each side of each lower man-hole, 
to be secured to bead by nnt and washer, and to shell by four 
rivets; the combinetl shearing strength of ri^'cts to exceed 
tensile strength of brace by 26 per cent. Two rows of 1^- 
inch braces, 13 in each row, stay the top of combustiou-cham- 
bcr to shell. These bracea are spaced 8 inches lietweeu cen- 
ters, and are to be connected by 1 J-inch pins to jaws of studs 
on combustion-chamber, and, by pins of the same size, to 
double angle-irons ou shell. 



The furnaces are to be of the best steel, welded at joints 
and corrugated. They are to be 38} inches diameter at the 
inside of comigation, f inch thick, and are to be single- 
riveted at their junctions with front heads and combustion- 
cfaa miners. 

BB1IM)K-WAT,LB. 

A b^idge-^vall of approved pattern will be fitted in each 
furnaee. The upper part will be finished with fire-brick. 
The lower part, below the grate-bars to be furnished with an 
inclined hinged door at least 6 inches high and as wide as pos- 
sible, so made as to be en-sily o|>cned and shut from fire-room. 
The bridge-walls to l>e easily removable. 

COMBITSTIOS-CH AM HERS. 

The combustion-ehambers are t« be 24 inches deep; the 
sides and tops to be J inch thi(;k j tlie ends, furnace-plutes, 
and tube-sheets to be | inch thick. The sides to be stayed by 
steel-screw stay-bolts Iff inch least diameter, s[>aced not over 
8 inches from center to center, 

8TAY-]X)ME8. 

There are to be three g inch thick stay-domes on fitrnace- 
plates of combustion-chamber, opposite wan-hole plates in 
heads, to have an outside radius of fi^ inches ; and one ou each 
inside tube-sheet, opiKwite back man-hole plate, having an 
outside radius of 6} inches. 

HACK CONNE4.-riOS.S AND tTTAKES. 

The back connection.^ and uptakes are to be made with 
double shells of wrought iron, built on frames of" 2J x 1 J 
inches channel iron, the s[>ace between to be filled with an 



approved non-conducting substance. The inside and otitside 
shells to be made of iron weighing, respectively, 6 pouods aod 
4 pounds per square foot. 

The nptakes of each pair of boilers will pass upwards in- 
dependently to the lieigfit of the water-tight bulkhead, across 
which tliey will be united. They will also be so divided that 
the gases from each boiler will have a separate i>asi«ige to its 
own compartment of the smoke-pipe. 

The connection doors are to be made of wrought iron with 
double shells, and fitted with hinges and catcheo of wrought 
or malleable iron. The outside shell is to be ^ inch thick, and 
the lining } inch thick. The outer shell to be flanged 1 inch 
deep, ana the inner one 2\ inches deep. 

FUBSACE PHOXTS. 

The furnace fronts are to be made with a channel-iron frame 

covered with wrought-iron plates, ^ inch thick on the inside 

and I inch thick on the outside ; both plates to be suitably 

perforated for air-entry, if so directed. 

FURyACE DOORH. 

The furnace doon* are to be of wrought-iron \ inch thick, 

and flanged 1 inch deep ; each to be htted with a perforated 

wrought-iron inner-plate, and provided with wrought-iron 

hinges, air-regulators, aud catches. 

ASH-PIT DOORS. 

The ash-pit doors arc to be oi' wrought iron J inch thick, 
flanged 1 inch deep, and fitted to place so as to thoroughly 
close the ash-pits, and to fit lugs on bulkhead when not in use. 

MAS-HOLES. 

There arc to be three 12 x 15 inches man-holes in the front 
head of each boiler, one under ea<-h wing furnace and one 
above middle furnace; each to be stiffened with a circumfer- 
ential strap, as shown in drawings. 
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There is to be one man-bole 12x15 inches in lower i>art of 
lack lube-shtet of etch boiler; to have an inside strap 3 x j 
inches. Thee holea are to be covered by appropriate plates 
with cross-bars, bolts, and nutH. ■ 



Each boiler ia to rest on three saddles which are to I>e built 
in and form part of the hull. The boilers are to be secured by 
double anglc-iroiLS riveted to boilers and saddles. 

SMOKE- PIPE. 

The smoke-pipe is to be 55 feet in total height above the 
upper grates. It is to be 7 feet 6 inches in diameter, made 
of wrought-iron plates; the lower courses to be No. 7 B. W. 
G. thickness, the upper ones No. 8. The pipe is to be stiff- 
ened by angle-iron bauds on tlie inside, at top and bottom, 
and by a band 4 inches wide and 1 inch thick on outside at 
top. The pipe will be inclosed thruugliout its length by a 
jacket leaving an annular space of at least 3 inches. The 
jacket to be of wrought-iron J inch tliick and to l)e covered 
by a hood with suflicient space for the escape of hot air. The 
pipe and jacket are to be made with strap|)ed butt joints, 
Jhe pipe will be provided with stays, eyes, and shackles, and 
will be supported in such a manner as to relieve the uptakes 
of its weiglit. The pipe will have fore-and-aft and athwart- 
ship {Htrtitions running from bottom to top. A pivoted 
dumper will be fitted in each compartment of the pipe, near 
the top; to servo also as a cover. Drain-tniughs to lje fitted 
Iiclow the dampers so as to catch all water passing them when 
closed, with dniin-pipes leading where directed. Each damper 
to Imj workeil fwim tiie fire-room, contjiining the boiler which 
it controls, by approved mechanism. A i>ermaneiU ladder 
re.i'.-hing to the top of smoke-pipe will be fitted at directei. 



STEAM-DKUMS. 

There are to be two steam-drums placeJ in the spandrels 
above the boilers, each to be 3 feet in diameter and i 1 feet 9 
inches long ; tlie shells to be ^ inch, and heaib -^g inch thick ; 
the heads to be braced by gussets or stay-rods. 

DRY-PIPES. 

Each boiler is to have a properly perforated tinned brass 
dry-pipe closed at the internal end, of the same diameter as 
the steam-pij)e with which it is connected. It is to be placed 
as high as possible, and extend nearly tlie length of the boiler. 

Its upper surface is to be pierced with holes f inch in 
diameter sjmced equidistant, their aggr^ate area to be twice 
that of the cross-section of the pipe. 



ClRCnLATING-PI.ATFS. 



ight iron will be fitted 



Circulating-plates of galvanized \ 
in the boilers, as directed. 

PELTIKO. 

After the boilers are in place in the vessel and have been 
tested under steam, their sliells and fronts are to be covered 
with asbestos quilting, containing a layer of felt IJ inchffi 
thick, or with other approved material, as may be directed, 
which will be protecte«l by a galvanized iron covering, tlie 
joints of which will be lapped and bolted. The iron is to be 
painted with two coats of brown zinc paint 

SAFETY-VALVES. 

Each boiler is to have an automatic spring safety-valve, 6i 
indies in diameter, adapted to a maximum pressure of lOU 
[Mtuiids per gauge, and fitted with proper levers and approved 
mechanism for working thorn from the fire-rooms. The chests. 
valves, and stems are to be of eomiwBition, and the seats of 
nickel. 

— « [22il.l 
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The chests are to be bolted to the stop-valve diambers, and 
to be connected by copper pipes to the escape-pipes, which 
will also be of copper. The escape-pipes are to be furniehed 
with mufflers. The seats of all safety-valves will be at least 
^ iach above the bottom of tlieir chests. 

SENTINEI^VAL^'ES. 

There is to be a sen tin el- valve of J square inch area attached 
to the front of each boiler, fitted with movable weight and 
notched lever, and weighted to close tightly against a boiler- 
pressure of 150 pounds per square inch. 

STEAM-WHISTLE. 

A composition steam- whistle, the bell of 6 inch» diameter, 
is to be placed forward of the smoke-pipe, well above the 
level of the deck-awning, and connected with the main steam- 
pipe by a copper pipe having at its lower end a valve of 
appropriate kind and size, and a working-vatve at upper end. 

WATEE-OAUGES. 

Each boiler is to have on its front two composition water- 
gauges carrying glasses 16 inches in exposed length, and with 
outside pipe-oonnections to top and bottom of boiler, the bot- 
tom of gloss being 1 inch below the highest heating surfooe. 

There shall also be four gauge-cocks placed 4 inches apart, 
the lowest cock to be placed 4 inches below the highest heating 
surface of the boiler. The glass gauges and the column for 
the cocks will l>e independent of each other. The cocks will be 
supplied with drip-pans and drain-pipes. 

SALIXOMETER POTS. 

There is to be a salinometer pot of approved pattern on 
each boiler, fitted in an accessible position. 



BOILEB-TEST. 

Before being placed in the vessel, all tbe boilers are to be 
tested under a, pressure of 150 pounds by gauge. This pres- 
sure to be obtained by the application of heat to wat«r within 
the boilers, which are to be filled quite full. Afler a satisfactory 
test, the boilera are to be {>aiiited on outside with two coats of 
brown ziuc paint. 

AUXILIARY STKAM-PIPES ASD VALA'ES. 

Each boiler sto[)-valve chamber will have an auxiliary stop- 
valve bolted to the nozzle on its side and under the main- 
valve. These valves are to be connected by aO auxiliary 
steam-pipe of 4J inches internal diameter, with suitable 
branches leading to the pumjis, heaters, distillers, evaporators, 
and auxiliary engines. 

A branch-pipe with stop-valve will connect main and 
auxiliary steam-pipes in each engine-room. 

ULEEDGR. 

There is to be a copper pipe, with stop-valve at each end, 
3} inches in diameter, leading from the main steam-pipe to 
each condenser. One valve in each engtiie-room to \>e worked 
from working platform. 

CIIECK-VAI.VES. 

Each l>oiler is to have two feed check-valves, 2^ inches in 
diameter, having outside screw-threads on their stems; cham- 
liers, valves, una stems to be made of composition. 

All check-valves to have internal pi{)es, to direct the water 
downwartl after it enters tlie boilers. 

BLOW-VALVES. 

Each lioiler is to have a bottom blow-valve of composition 
2J inches in diameter; also a surface blow-valve 1 J inches in 
diameter. These valves are to be connected by suitable pipes 
to the sea-valves. 
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The Iiottom blow-vnlves are to liuve internal pipes leading 
toward the bottoms of boilers, the siirfiuie blow-valves to have 
pipes leading to the centers of boilers, with o[>enings ahont 
i inch above the highest heating siirfat^v. 

FEED AND llI-OW-l'Il'IS. 
The main feed and blow-pipes are to t)e mailc of seamless 
drawn brass tubes, 4 inches in internal diameter, and in sec- 
tions not exceeding 12 feet in length. Tlie branches to be of 
copper or bm^is, as may I>e <lirci^t«<l, of the same thickness. 
All elbows, nozzles, tnms, and flanges ai-e to 1)0 of composition. 
The several sections are to have flanges rivettKl to their ends, 
brazed and calked. All flanges to be united by foi^eil bolts 
and nuts of Tobin's metal. Snitable provision for tlnj expan- 
sion of these pi|>es will be snpplied. 

ROINKK 6T(JP-VAI.VE.S. 
E^i-h boiler is to have a aimiiosition stop-valve chamber 
combined with safety-valve ciiaiulwr, placed on the front head 
near the top, nnite<l with the Ixiilcr and dry-pt]>e by flanges of 
snitable size and thickness, and having on its side a nozzle 
under the valve to which the auxiliary stop-valve will Ik: <-on- 
nected. The valve in »toi>-valve chandx-r is to be H inches in 
diameter, litte<l with a screw-stem ol" comixtsititni, and made to 
turn independently of the valve, and to work in a com|H)sition 
nut, supixirtcd by wrought-iron studs s<-RMve<l into tlie cover. 
Tiie valve is to lie o))eratod by a composition hand-whocl 14 
inches in diameter. Se)iarate pi-ovision i^; to Ijc made for 
working the stop-valves from above the pixitcctivo deck. 

DHT-'M ST<tP-VAI,VF-'i. 

There will bo two automatic screw stop-valves atta<-iicil in 
a horizontal {vositJon to a nozzle IxiltL-d to each steam-<lruni, 
to le operate*! from alxive an<l below the pnrtective-deck, with 
their chests, valves, and stems of comjxwilion. They will be 
10 inches diameter, and o()on only the necessary amount to give 
an area cciual to that of the oi>ening under tlie valve. 



STEAM-PIPES. 

The steam-pipes leading to each drum are to be lOi inches 
ID interual diumeter. The main steam-pipe from itsjiiuction 
with the pipes leading from the drum to tlic separator, and 
from the se{>arator to tlie bramJi-pipe leading to the forward 
engioe to be I3| inches internal diameter. From this point 
the pipes leading to flic forward and after engines to be 10} 
inches infernal diameter. These pi|)es are to lie of copper, tlie 
several sections to be united to each other and to the dnims, 
separator, and valve-chambers by composition flauocs of suit- 
able size and thickness, riveted on au<l property brazed. 
Where these pipes pass through wafer-tight bulklieada they 
are to be provided with approved cxjtansion joints. The 
Bteam-pipes and flanges to I)e covere<l with asbestos quilting 
containing a layer of felt IJ inches thick, whicli will be 
covered and protected with an approved water-tight covering; 
this covering to be secured to bulkheads where the pijies pass 
through them. 

The connections t>etwoon i>oilerstop-valvosandsteam-<lrum3 
to be made by copper pi()cs 8J inches in diameter; sections to 
be connected as in main steam-pipes, 

EMERfiESCY STEAM-I'II'ES. 

An emei^ncy system of 8team-piiK«, duplicate of the main 
8t«am-pii)es, will lead on the [wrt si<lc of the vessel fiom the 
steam-drum;? to the stcam-pijie in the forward engine-room, as 
shown ill the drawings. 

Thoy will be fitted with the necessary valves to enable each 
system to be used independently of the other; these valves to 
be oj)enited from above and below the protective-deck. 

ESCAPE-PIPKS. 

There will be two escape-pipes of copwr, one forwanl and 
one abaft the Bmoke-])ii*e, extending to the top of the pi|>e and 
secured to it. 



PIPE-CLOTHISQ. 

All main and auxiliary stcani-pipes, ex1iaust-{)ii)es, where 
directed, tlie separator, aud all steatu-vatvcs, are to be clothed 
with an approved iion-coiid noting material, covered with 
canvas in double thickness, well painted. The covering to be 
Becured to bulkheads where the pities pass through them. The 
pipes are also to Ije covered with black walnut laf^ing with 
brass bands where dirccled. 

PJl'ES THROU<iH BULKHEADS. 
All pipes where tliey pass through water-tight bulkheads 
will be provided with stut)ing-l>uxc», or made tight in other 
approved manner. 

BOILER DRAIX-COC'KS, 

There will be a drain-cock having IJ inches diameter of 
opening, fitted to each end of each boiler. 

SKP ABATOR. 

There is to be a separator in the steam-pipe of approved 
kind, to be place<] ai shown in the drawing; it will be fitted 
with n suitable drain-pi|>e and valve, and a water gauge glass 
on the side. 

FIX)OIl-I'LATE.S, 

The fire and engine-rooms and their jmssages, are to be 
floored with wroiight-iroii plates having corrug.ition.s on the 
upper snrface and pnn>er letlges and drain-holes. They are 
to be of wrought iron not less than \ inch thick, and all easily 
removable. 

BI-OWEIiH. 

The fire-rooms are to be supplied with air by means of 

Sturtevant blowers or their equivalent, two to each fire-room. 

Each blower is to be driven by its own engines direct, an<l to 

be capable of supplying, with case and certainty, 12,000 



cubic feet of air per minute, under a jjressure of 4 inches of 
water. One of the afler-blowers is to be fitted to take its air 
from the engine-rooms as well as from deck. 



VENTILATORS. 

Four ventilators, each 24 inches in diameter, are to be 
fitted, two in each fire-room. They ai-e to deliver air to the 
inlet of tlie blowers placed under them. They are to have 
movable hoods, aud will be made of iron ^ inch thick above 
the spar-deck, and of irou No. 11 B. \V. G. below it. The 
gears for turning the hoods will be of composition. Addi- 
tionally, there will be in the comers of the boiler-hatch four 
ventilators, placed outside of the pipe-Jacket; they will be 21 
inches in diameter inside, made with movable hoods worked 
from deck. They will discharge the air downwards through 
the grating of the hatch, and beneath tlie protective-deck will 
be arranged to deflect the air outwards. 

ASH-H0I8TB. 

There will be an asb-hnist 21 inches iu diameter for each 
fire-room, as shown in general plan of machinery. They are 
to be of iron ^ inch thick, butt-etrapped on the outside, and 
flush-rivet<'d on the inside. They are to be fitted with appro- 
priate appliances for sustaining the upper block of the asb- 
whip, ana a mcane for closing them when an air-pressure is 
require<l in the fire-room. 

There will be an approvetl asb-hoisting engine for each 
fire-room, of suitable dimensions of cylinder to hoist 150 
pounds with 20 pounds steam-pressure. Tbey will be fitted 
with all neces^ry connections, including whip, and with a 
suitable brake to control the drum. 

AtR-TIGHT F:BE-R00MS. 

Supplementary bulkheads and ceilings of light galvanized 

irou are to be fitted in the fire-rooms for the purpose of 
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reducing the cfl|)actty of the space to be put under air-pressure. 
The ceiling is to be made movable beneath hatches. The 
vertical portion to be provided with openings where passage- 
ways are required, with suitable means for closing them. 

All [lermaoeut and temporary joints and scams to be made 
perfectly air-tight. 

STEAM-JET. 

A steam-jet of approved capacity and design will be pro- 
vided and Atted in the smoke-pipe. 

HYDROKINETBR. 

There will be connected to each toiler a Weir's hydrokin- 
eter, or other approved appliance for circulating Avater in the 
boiler while raising steam, proper connections being made to 
auxiliary steam-pipe. 

TtSTS OF MATERIAL. 

All material used in the construction of the boilers, con- 
necting-rods, crank-shafts, line, thrust, and propeller-shading, 
will be tested in accordance with the " Instructions to Inspects 
ors," a copy of which is appended to these specifications, 

IIUPLICATK PIECES. 

All duplicate pieces are to \te finished and fitted ready for 
use. They are to be as follows, viz : 

One set of valves and springs for each steam-pump. 

One seat, with guards and bolts complete, for receiving- 
valves and one for deli very -valves of air-pump. 

Onc-lialf set of follower bolts and nuts tor cacli steam 
piston, and one-lialf set for each air-pump piston. 

One set of brasses for each craiik-shtift journal. 

One set of brasses for each crank-pin and cross-head journal. 

One bra.ss slipper for each cruss-head. 

One set of brasses for each adjustable connectiun of each 
valve-gear. 
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One set of brasecs for eacJi thrust-bearing. 

Twn hundred condenser-tiil>e8 packed in boxes. 

Forty atay-tubes, threaded to fit threads in tube-sheets, and 
100 plain boiIcr-tul)es, swelled at one end and annealed. The 
ends of stay-tubea to be wrapped in canvas. All boiler-tubes 
to be securely stowed in racks or as directed. 

Forty stay-tube nuts. 

One spare basket for each Maromb's strainer. 

One-eighth of a set of grate-bars. 

All duplicate pieces not of brass, to be painted with three 
coats of white lead and oil, and well lashed in tarrt-d canvas, 
witli name marked in black paint on the outside. 

Brass pieces to be marked or stamped. 

OIL-TAMKS, CANS, ETC. 

Four oil-tanks of iron | of an inch thick, with an aggre- 
gate capacity of 500 gallous, are to be well secured in oil 
store-room, with facilities for filling them from deck. The 
tanks are to be strengthened by internal stays, if directed. 
Each tank will have a mau-hole near the top closed by a plate, 
and will be fitted with a locked cock for drawing oil. 

Four copper oil-lanks of 10 gallons capacity each, with lids 
and drip-pans, to be plac«d permanently in the engine-rooms, 
in convenient positions, and to have a locked brass cock on 
each. 

An iron lallow-tank of 100 pounds capacity, with hinged 
cover, will Iw fitted in one engine-room. 

INSTRUMENTS, TOOLS, ETC. 

Eight Thomjison's indicators of standard size, of the latest 
mttern made by the American Steam Gauge Company, each to 
be fitted with two springs, one graduated to a scale of 40 )>ounds 
to the inch, and one to a scale of 16 (xmnds to the inch, with 
projter attachments of finished brass, are to be furnished, n-ady 
fitted; also an extra awk-attachment for each indimtor. Eacii 
-7 [2244.1 
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iudicator stand-pipe is to be connected (separately) and with 
but oije end of main cylinder, by a pipe one inch diameter, 
having a cock of equal area of opening. 

Two sets of instruments, with proper attachments, each in- 
strument in its own case, wbich will be of brass, as follows, 
viz: 

One Lane's improved epring steam-gauge. 

One Lane's improved spring tiom pound-gauge. 

One Lane's improved spring vacuum-gauge. 

One contiauous counter, with positive motion, to register 
from 1 to 1,1 00,000. 

One eight-day clock with second-hand. 

Fat.'es of all spring-gauges and clocks to be at least 8J inches 
diameter. 

One mercurial vacuum-gange attached immediately to con- 
denser. 

The above list to be considered as one set. 

There will be four Lane's improved sprine-gauges, one for 
each boiler, with S^-inch face, and graduated to 150 pounds. 

Each gauge will be properly secured in the fire-room, and 
have an independent connection to its boiler. 

Eight thermometers, one for each hot-well or feed-tank, 
one in each outboard delivery-pipe, one for each injection, and 
one for each steam-pipe cloee to tJie engines, to be made per- 
manent fixtures, with their stems and bulbs protected by bniES 
covers; also two spare steam-thermometers, two spare water- 
thermometers, and one standardized thermometer in suitable 

An engine-room telegraph of approved design, with reply- 
gongs and any number of dials that may be required, to be 
supplied and fitted ftr each pair of engines. Telegraphs of 
appro%'e<I pattern are to be fitteil to put engine-rooms and fire- 
rooms in communication. 

Two complete sets of fire-irons for each fire-room, with 
suitable racks fi)r stowing. 

Lazy bars for each boiler to be fitted in ^XftSR.. 
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One set of wrent'hes complete for each engine, to Iw fitted to 
all the nuts, finished and marked with size, and placed in iron 
racks. Wrenches for all nuts of bolts two inches in diameter 
and over to be box-wrenches, where such can be used. 

One [)air of taps, on rod, for tapping front and back tube- 
sheets at one operation. This be a duplicate of the tool used 
in originally tapping the sheets, and to be packed so as to be 
perfectly protected from injury. 

A st«im tube-cleaner of approved design with fittings ami 
conueciions complete. To be of sufficient length to clean the 
tubes from the fire-room end, through furnaces or ash-pits. 
To 1)6 fitted with a wooden handle, and stowed in a con- 
venient rack in fire-room, A spare nozzle, and flexible steam- 
pipe to be furnished. 

Twelve ash-buckets. 

Twelve coal-buckets. 

SCHEDULE op THICKNESS OF COPPER AND DKASS 
PIPES, U.W. G, 

KumbH. 

Main and branch steam-pipes 5 

Air-pump discharge 8 

Jet-injection 16 

Circulating suction and discharge 8 

Bilge-suction and delivery . 11 

IJlow-pipes -__. 7 

Main exhaust 10 

Auxiliary steam-pipes 11 

Main and auxiliary feed-delivery 11 

Main aud auxiliary fced-fluction 11 

Waste steam-pipes and auxiliary exhausts 12 

Dry pipes 14 

All l>ends are to be made one gauge thicker than straight 
part of pipe. All tee-pieces for brass pipes to he of com- 
position. 

Expansion-joints are to be fitted to pipes wherever recyilted. 



JACKET STEAM-VALVES. 



yteaiii for cylinder-jackets will be taken from tlie main 
steam-pipe with a valve in eacli branch. There will be an 
adjustable reducing-valve iti the pipe taking steam to each 
low-jiressure cylinder-jacket. 



SECURING CRANK-SHAFT AND CRANK-PIN BRASSES. 

The top and bottom lips of crank-pin bnu^ses will be 
secured to connectinfj-rod euds or ca|»s, each by two l|-inch 
wrought-iron tap-bolts, tapiH^l into li[)8 of brasses near each 
end. The heads of these bolts to be recessed into rods or caps 
and secured by set screws. The lij)s of crank-shaft brasses 
will also be secure<l in an approved manner to prevent the 
brasses closing in when hetted. 



AUXILIARY EXHAUST TO ESCAPE-PIPES. 

Where the auxiliary exhaust main is connect43d tothe ei-cape- 
jtipes, it will have two stop-valves, close t )getlier, for each 
couuection. 



ASH-SPRINKLERS. 

There will be on athwart- ship bulkheads of fire-rooms, 
njiposite each boiler, about fonr feet from floor, a brass nozzle 
with universal joint, with valve and sea connection for wet- 
ting iislies. This to lie of approved design and to be secured 
alongside bulkhead when not in use. 



RADIATORS. 

Steam raJtators of the following numbers and sujK'rlicial 
area for tlie several parts of the ship will be provided, viz: 

Fi»r the cabin 5, aggregating 90 square feet. 

For the wardroom 2, aggregating 40 square feet. 

For Ihe steemge-couutry 3, aggregating 46 square feet. 

For the berth-deck 3, aggregating 80 square feet. 

Each radiator will be divided into as many separate and 
distinct parts as may be directed; each part to have its own 
steam and draiu-valve. The steam aud drain-pipes are to be 
seamless drawn brass, of iroii-pi]>e size, suitably connected 
by composition elbows, tees, ami unions, in a manner that 
will enable them to lie easily taken down for repairs. 

There will be reducing- valves in these pijws at the boiler- 
connections to regulate the pressure, and the drains will lead 
to 8U«Ji water-collectors as may be designated, or where pre- 
ferred, overboard. 

MATERIALS AND IVORKMANSUIP. 

All luateriats used in the construction of the machinery are 
to be of tlie best quality. The iron castings to be of the best 
pig-iron (not scrap). The brass castings to be made of new 
materials of best quality. For all journal-boxes and guide- 
gil)s the composition to be by weight 6 parts copjjcr, 1 
part of tin, and J of one part of zinc. Where Tobin's metal 
U 8|H!c)fied, the composition to !« -58.22 parts copijcr, 39.48 
parts zinc, 2.30 parts tin. For all other brasa-work the com- 
position to be r*8 parts copper, 10 [Mirts tin, and 2 parts 
zinc. All iron castings to be smooth and true to form, and 
before being painted to be well cleansed of sand and scale, and 
all fins and roughness removed. 

All boiler-plates to be thoroughly cleansed of oside-of-irou 
scale. Brass castings to be sound, smooth, aud true. Xo im- 
jierfart casting or unsound forging will be used if the imper- 
t'cct ion affects the strength, or, to a marked degree, its sightliiics^i. 
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All steam, exhaust, and other pipes leading to and from 
steering and othor engines, distiller*, and pumps are to l>e of 
sufficient size for their respective objectSj and to have exj»an- 
sion-joints where directed. 

All copper pipes not seamless drawn are to be brazed, and 
all copper pipes are to have composition flanges riveted on, 
calked on both sides, and brazed. All jiipes, not otherwise 
specified, to be of copper, and all pipes beneath floor-plates 
to be connected by forged bolts and nuts of Tohin's metal. 
All nuts on rough castings to tit facings raised above the 
surface. All pipes beneath door-ptaies to be covered as di- 
rected, and care taken that they do not come in contact with 
the plutes or frames of hull. 

The work to be in every respect of the first quality, and 
executed in a workmanlike and substantial manner. 

All flanges to be faced and grooved. All bolt-holes in 
permanently fixed parts to be reamed, and the body of the 
bolts to be finished to fit them snugly. All threads on Imlts 
to correspond to the Navj' standard. All brasses to fit loosely 
between collars of shafting. All cocks communitating with 
vacuum-spaces to have bottom of shell cast in, and to have 
the plug packed by means of a stuffing-box aud follower. 
All nuts on nioving-iwrts and on pillow-blocks to be thoroughly 
sccureil with keej)ers, pins, or steel set-screws. All brasses or 
journals to be proiwrly channeled for the pro[)er distribution 
of oil. All flanges coupled together to lie faced and e<lges 
made fair with each other, (fetallic packing for stuffing-boxes 
to be such as may lie approved. 

The cylinder-casings, condensers, and all tubes and pipes 
are to be tested for tightness before being placed in the ship. 

All engine-work not finished to be primed with two coats 
of brown zinc and oil, and when placed in position on board 
the vessel will be painted with two coats of paint of apjiroved 
color. 

Tlie line-shafting is to be painted when in place with two 
coats of white-lead and oil, and the boiler fronts with two coats 
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of lamp-bltick and oil. The smoke-pli* is to be thoroughly 
painteu both before iid<I after its erection on hoard the 
vessel. 

All 8team-pip(s not la^ed will be painted white, exlmust- 

tiipcs green, water-supply pipes red, and water discharge-jiiites, 
ead -color. 

All materials and parts of the machinery shall be carefully 
weighed by the ccmlractor, when ready to go on board the 
vessel, and a record of the weights in detail furnished to the 
inspector, certified to by him, and reported to the Bureau of 
Steam Engineering. 

While the engines and boilers are being completed, steam 
shall 1)6 raised in the boilers whenever required to test tbe con- 
nections, the working of all' parts of the main engines and 
boilers, and all auxiliaries. All ex{>ense of such preliminary 
tests will be borne by the contractor. 

Any portion of the work, whether partially or entirely com- 
pleted, found defective must be removed ami satisfactorily 
replaced without extra charge. 

All drawings necessary during the progress of the work 
must be prepared by and at the expense of the contractor. 
Those which are merely developments of the official drawings 
and working-plans in acconlance with the specifications will 
be subject to the approval of the Engineer-in-C'hief or of the 
Inspector of Machinery, as may l>e directed, liefore the work 
is ordered or commenced. All plans involving changes or 
mo<lificatioiis of the original drawings must be npprovnl by 
the Engineer-in -Chief. A complete sot of drawings of the 
machinery as fitted must be furnished by the contractor, cer- 
tified to by the Inspector of Ma<'hini'r)-, and forivarded to the 
Bureau of Steam Engineering immediately upon completion 
of the work. 

A suitable ofRce and draught! ng-room, projwrly fitted and 
heated, for the use of the Inspa^tor of Machinery and his as- 
sistants during the building of the machinery, is to be furnished 
by the oootractor. 




HJ 
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The contractors for the hull will supply the labor to fit the 
engine and boiler keelsons to the engines and boilers, and simi- 
larly for all auxiliaries. 

All parts of machinery and boilers are to be secured, in an 
approved manner, to prevent displacement when the vessel is 
used for ramming. 

The engines, boilers, uptakes, and smoke-pipe, all auxili- 
aries, their piping and connections, and all sea- valves, except 
the cutliog of the holes for the same, and all parts described 
in these specifications and official drawings are to be fitted 
complete to the ship by the engine contractors ; and any part 
of the machinery or any article pertaining thereto which may 
have been inadvertently omitted from these specifications or 
from the official drawings, but which is necessary for the proper 
completion of the vessel, is to be supplied by the contractor 
without extra charge. 



ADDENDA. 



MACHINERY SPECIFICATIONS FOR GUNBOAT OF 
1,700 TONS DISPLACEMENT. 

(GUNBOAT No. 1.) 



FrniTi pnrli afli-lioixt, ou tlie up]>er derk, pfniinnent ov«rbi'arl raits, 
Kuilnlily Bupgiortfil, will lend to the neareRt aHli-ohnte oti earli uiile of 
elii|i. Rucli of thew will be fitted with a traveler of approved denigu, 
with all iiereuHnrr appliances fur oaiTyiii|j the aah-buckeln. At the 
tn)i i>f eacb ash-cbiite a diiniping-hupper will he fitted, ho arranf^ aa 
to foid np ont of tile way wlieo not in nee. The asL-buckels are to be 
balaucrd diiutp-bucketit with K^ar complete. All of the aHh-hui»ting 
niitl dnnipin^t-Keur is to Iw aiich that the hiicltete will not have to M 
lifteil by hand. A apeakiug'tnbe will lead from the top of ench aab. 
hoist to tire- room. 



A elpani-jiniiKPiii braBH case, n'HIi 6-iiich dial, will be attached to the 
atixiliury Hti-aiti-pipe in each engiiie-rooni and each fire-room ; also at 
wlndhiDS and Hteeting-enj^ine. 

rU KNACKS. 

II be fitted in all fnruace-fiQes, 



(.'aHl-iron );riite-l>ars will be fitted at the eiidea of funiaces to tit the 
to ml gat I on 8. 

IXKTRl'MKNTS AMI TOOLS, 

A K>iii||ci> of approveil pattern will be tittnl iu each tiie-rooni to Dhow 
the cxcew of nir-prewture over the preMiire of the oi«;n atmoHphere. 
A puirable nir-jin-BHiira K"UJf* will also lie anp]>lied t.o eaeb fii«-room, 
with cfirinei'tiiiiiH for attaching; it to the fnmaeeN, uplakw, and where 
diiecled, to iiieaHnre the pruuiure as coniiinred with the air-prexsure iu 
the llre-rouni. All of these ganfcen to tudicute prensureH in " inches of 

A Net of wreneheH fitting all nnlH in fire-rooiiiH is to be snpplied to 
each lire-rooiti, placed in iron rai-kH. 

Fixed traiiiioeU or Kaugeo are to lie Hu^iplied for lining up crank- - 
Bhiit'ts horixonlally and vertically. niBikH tor this pur|iose being made 
on brnKH plates let into pillow-block frames. 



MATRRtAt^ AND WOKKMANSHIP. 



All flanged lioiler-platea are to be annealed in au approved manner 
after flanging. 
The Bteaiii cylinders of all anxiliar; engines are to be clothed and 
;;ge*l lliv same as main cyliuders. 



laKP 



A)l cocks are to have engraved brass plates to show their uae and 
whether open or shut. All valve- wheels wilt be of rompoeition, and 
will lie plainly engraved to show their use, as will also all working 
levers and all gear for working valves from deck. 



\ copper 
each fire- 



oil-tank of 5 gallons capacity, with drip-pan, will 1>e litted 



PIPRS. 
All pipes paa«ini; tliTOii(!h coal-bunkers w 



A radialer with 4 square feet of surface will be fltted in the wheel- 
house, one <if 2 Riiiiare feet in the executive otHcer's otHce, and snob a 
number as may lie directed, with a total of tW sijuare feet, under the 

fortK\nstle. 



A light steel sleeve will lead flroui after end of each Hterii-ta)>e tr 
hub uf propeller, forming a fair water-line. 
All lignnmvitie is to bitar ou end uf grain. 



The evaporators will take steam tritm the auxiliary nt«am-piiie and 
will In- fitted with automatic traps and with drain-pipes leading to 
feetl-lank, or as directed. 



Eacli Itre-rooui ventilator is to be so fitted that it can Iw easily closed 
rroni tire-room in rase its blower is stopped. 

Knur vpritilatom, 18 inches diameter, are to be titled — two to each 
?ngiiie-room ; they will lead down the engiue-rooni hatches, or as di- 
recteii ; their cowls will Ite wurkwl from the eugine-rooms. All venti- 
latiirH-owls will lie made of copper No. 12 B. W, U., nnplanished. 
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TESTS OF STEEL FOR CRUISERS. 



INSTRUCTIONS TO INSPECTORS. 



The following rules sre preRcriboil in order to ii 

of tbe claiiBe of the Act of Congrcaa of August 5, 

, " " ' ti) be c oust rtic ted of steel of domestic i 

la may be ft tensile strength of 



tlte fullillment 

"Such vessels 

having 

ty thouttand 



lufact 



l>aiintls to tlio Bijnnre inch, anil a dnctilitf in ei);bt incites of not 
Ie«s than twenty-five per centum." 

I. All ship-plates, beams, angles, rivets, liolts, boiler-plates, and 
stays to be inspected and tested at the place of mftuufactnre by a Naval 
Inspector of Material, and to l>e passed by him, BQbject to reatrictioua 
hereinafter mentioned, before acceptance by theship-bnildcrs, whether 
Ooveniment or private, for incorporation into said vessels. 

II. Kvery plate, beam, and angle supplied for these vessels to be 
clearly and indelibly stamped in two places, and with two lteparat« 
brands: 1st. With tliatof the maker, wbichshftlldu^ngnishthename 
of the maunfnctury or company ; 2d. With the ngalation brand of 
the Naval Inspector of Material. The latter not to he stamped upon 
any of the above-mentioned material until it shall have passed an in- 
spectiou fut surface or other defects of maDnfactare and the physical 
tt-Hts have been ncccjited by the Inspector and have been stamped with 
the maker's brand. 

In case of small articles passed in bulk tbe above-mentioned brands 
shall be applied to the boxing or packing material of the objects. 

No sti-el material to be received at the building yards for incorpora- 
tion into vessels except it bear, either upon fts surface or that of its 
packing, both of tliese brands as evidence that it has pastied the neoes- 
Bary (Juvernment inspection. 

III. The weight of all plates, beams, angles, &c., must be obtained 
by the Insiiector of Material before delivery. 

I'lati-H of 12j lbs. pers(|uare foot or less, and strips and bars of 6 lbs. 
per lineal foot or less, may lie accepted if the weights vary between 3 
per cent, abovo and 5 per cent, below the specified v«v^\i&. 
—8 [224i.] 
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All other plntea anrt shapes may be accepted if tlie weights vary b»- 
tweeii tbo upecilied weights ami 5 per cent, below them. 
All plates aii<l shapes uot being within the limits here specified la^y 

be rejected. 



All material except boiler-plates shouhlbetestedby heateas follows: 
A specimen ingot or bloom shall he selected and rolled into a, plat« 

or bar and test pieces cut therefrom, provided always that the test 

pieces shall liavo received no mure working than that which the 

finished material from the heat would receive. 
Four test pieces, of the fonn shown in Fig. 1, for plates, (sqnare or 

loutid, in condition as fluished at the rolls, may he nscd for the tests 

of shapes,) shall be made and tested for each heat. 
Fin. 1. 



a 



The length A 1) iniist ))0 at least 8 inches of nnjform cross-section 
of which the area stionld not be less thnn i nor more than -fii of ono 
sqnare inch. 

The re<luction of width throngbont the length A li shunid be Jnat 
stiRicient to prevent failure in the grips. 

The teat pieces ninsl uut bo annealed nnlcss the tluislied material is 
to be auneiileil. 

Each tost |>iace shall be submitted to a direct tensile stresit nntU it 
breaks, in a machine of approved character. 

The initial stress to be !J0,000 pounds per sqnare inch. 

T'ho Hrst load to be kept iu coutiunons action for one minute. 

An observation tobeniadeof thecoTrespoudiugelongstioumeaaared 
npon the original length of 8 inches. 

The stress then to be increased slowly until the principal elastic 
tiniit is determined, after which additional loads will be added at 
intervals of time nearly as possible equal, and separated by half a 
minute, the loads to produce an increase of stresa of 5,000 pounds per 
square inch of original settiou of the test piece, nntil tlie stress is 
about IJO,OI>U ponnila per squiiru inch of original section, when incre 



mentaof alresH should not exceed 1,000 poiiii<laper square inch. Upon 
ulose (ipproftch to tbe poesililo ultimate atreniith tbe load to be 
incrcaxed grailually aud its maximum value careruU; uoted. 

TLe iinnl elongation to be tbat obtained after rupture. 

A liHt of all iligotx made from each heat niunt be supplied to the 
Inspector. Each iugot sbould l)e stamped in bis presence witb the 
numl«r of tbe beat. He should also sec tbe tent plate or billet cut off, 
stampt^d, and rolled, and place a private stamp upon it in sucb a way 
that each test piece will have the inipresHiou of the stamp near one end. 

CONDITIOXB OF ACCEPTANCK. 

In order to be accepted tbe avernKo of the four test pieces must 
Hhoiv an ultimate tensile sirength of at least B0,000 pounds per square 
incb of original section, and a tinal elongatiou in S inches of nut lesa 
than 2r> per cetitnm, 

Material which shows a strength greater than G0,000 pounds per 
square Inch will be accepted, provided the ductility remains at least 
23 per coutnin. 

If the average of these four test pieces, nuni>>orcd 1,2, 3, and 4, 
(called Teat I,) fall liclow cither of the required limits, the Ingot &am 
which pieces 1, 2, 3, aud 4 were cut shall be rejected, and Test II made, 
consisting of pieces 5 and 6 cut from a second ingot; if the mean of 
the results of these two fall below either of the above limits the 
entire lot shall be rejected. If it be successful Test III, or the mean 
of pieces 7 and 8 cut from a third ingot, shall decide. 

If in any of tbe Teats I, II, III, any single piece shows a tensile 
strength less than 58,000 pounds, or afinalelongationless than 21 per 
cent., tbe ingot from which it was taken shall be rejected and that 
test considered to have failed, regardless of its average. 

QUBSCniNO TBBT. 

IV. A test piece shall be cut from each plate, angle, or beam, and 
after heating to a cherry-red plunged in water at a temperature of 82° 
Fahrenheit. Thus prepared it must be possible to bend the pieces 
under a press or hammer, so that they shall be doubled round a enrre 
of which the diameter is not more than one and a half tinwA^'oA 
thiokuessof tbe plates tested, witlioutpr«seiAvvi^a.'D.'jV«K»a«''*-'i'^'*^*^'^'* 
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These test pieceg must not liave tlieir sheared sult-M roundoil off, the 
only trfHtmenC permitted beiiig taking oH' the sharpuesH of the eilgeu 
nith a line file. 

Inspectore nifty require a cold-bending tCBt when eonsideied neces- 



V. Augle-bare nre to \ie Balijecteil to the following additional tests: 
A piece cut from one bur in twenty to lie ojieneil ont Hat, while cold, 
ntider the liitnimer; a piece cut fruui another bar in the aaiue lot shall 
l>e closed until the two aiilos touch, white cold. 

Unlli and T-liam are to be submitted to a closing test similar to that 
presci'ibcd for anglu-liarH. 

Bars submitted to these tests must show neither' crneks, clifts, nor 
flaws. 

Each 1,(KI0 lbs. of Hvcls from tbe same heat of metal shall consti- 
tute a lot; auil bu accompaiiieil hy two sample bars, each 18 inches 
long, fur tensile test. These samples for tensile test shall be cut from 
the liHnt from which the lot of rivets is made, and lie stamped with a 
number which shall nlso lie placed on each box or packaj^ of that lot. 

Theito samples to be subject to the same tensile test as timt required 
for the plates. 

Tho lot of rivets from which this siiiupte bar does nut fulfill the 
reciuirements of tensile strength and elongation required for plains, 
is to be ri'jected. 

From eat'li lot, six rivets are to lie taken at random and submitted 
to the fultowiiig tests, two rivets to lie used for each test: Ist. Two 
rivets to be tlnttened out cold under the hammer to a thickucss of ouc- 
half the diauioter, without showing cracks or flaws. 2d. Two rivets 
to lie Hatteued out hot under the hammer to a thickness one-thir<l the 
ttiameter, without showing cracks or flaws. 3<l. Two rivets to lie bent 
cold into the form of a liook with parallel sides, n^itkout showing 
cmcks or flaws. 



Two tensile test pieces shall lie cut from each plate rolled for boilers; 
and one quenching test piece, which shall be tested as before described, 
except that, in the tensile tests, the initial stress may be 25,000 lbs. 
tu the square inch. 
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The limits of Btrength fur all pUtce, l)race«, atayii, augleD, and T-bara, 
shall lie aafollowB: 

Tlie ductility in eight inches iniiHt not he leas than 25 iior ccntnm, 
Olid the ultiniat* tensile strength mnst not be leas than D7,000 llw. 
and uot more than 03,000 lbs; ami no aingle iiiuco must show a less 
tunaile 8treugth1hau5T,0OOItis to thosrjnaro inch, except plates fur flang- 
ing and thoae iiaed in the coustrQCtion of the fnmacca, which will 
have an ultimate tsnailestteugth of uot loss thau50,U00andDfnot more 
thnu 55,000 lbs., and a ilnctility iu eight inches of uot leaa than 29 per 

No steel for boilers which is to be worked at u heat otto lie annealed 
after workiug iu the iHiiler-sliopa, shall lie annealed at the worka. 

The acceptauce of material under thcae tests will not relieve the 
contriictor from the uecessity of making good any nintf-'rinl which fails 
in working or niay be rejected by the Inspector. 



TEST OF HOLLOW STEEL-SHAFTS. 

1. Eucli length of rough- forged sliaft ehoulil have a piece out ^om 
it, at that uud which was iipi>eriiiOBt lu the ingot, of anRicieiit aize to 
allow the removal of spociiiii'ua fur teusilo te«t, parallsl with the axia 
of the Hhuft, havtiific a nipasuriMl leDgth of 4 iuches hetwccu refereuce 
lunrkH and of i Hqunre iuch Rectiouul area when llniiiheil. 

2. Fi'oui the piece so removed, four tcut-pioces shall lie taken, two 
at circiimfereuce of finished diameter aod two at i radius from centre. 
These pieces to he broken iu a machiue of approved character, under 
the SHiuo conditiona as preacribed for "Toata of Steel for CniiaerB." 

3. The nitimate tenailo atrength of the four pieces mnat be 'within 
the liniita of 26 and SO toua (of 2240 His.) [ler square inch, and that of no 
aiugle piece may full below 25 tons. Pieces showing greater teuaile 
atrength than 30 tons will lie accepted, provided t ho iwiuired dnctility 
and other tests are satistied. 

t outer radius may be Icsa than 20 per 
a less than 16 i>er cent., in the 



The ductility of ni 
cent., and that of no piece of 11 
mcaanrcd length of J inches. 

4. Itara j-inch thick, cut at 
double ro an inner diameter of li iuchea after m 
water, from a low cberry-red temperature. 

3. Pieces cut from the rough-foiged aliaft for test, may n 
jected to any subsequent treatment or proceaa. 

(!. Inapeclors of steel-slinftiug sliaU have full facilities to aaanre 
themselves of the general good ijnalitj' of the metal and of a aatiefoc- 
tory nu'thnd of munufatture, and may reject any piece considered to 
Iw defective in quality or faliiicnt ion, without regard to I he prescribed 
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